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PREFACE. 



No recent attempt has been made to summarise and review 
the very ▼oluminons literatnre on the snbject of Disinfection 

which is scattered through our own and foreign ScientiGc and 
Medical publications, and, notwithstanding the rapid develop- 
ment of Sanitary Science in this country, there does not exist 
at the present time, in the English language, any book which 
deals ezdusiyely with the composition of Disinfectants. 

The present volume may, therefore, supply a want which 
has been felt, not only by the chemist and bacteriologist, but 
also by all those who, like medical officers of health and 
borough snrveyoiB, are ooncemed with the practical work of 
Disinfection. 

Owing to the attention which has been given to bacterio- 
logical science during the last ten years, the methods of 
Disinfection are now being reviewed under the more exact 
conditions which this knowledge has rendered possible. The 
time is not far distant when the importance of the thorough 
dlrinfection of all suspected areas will be fully realised by 
local authorities, and when all such work will be entrusted 
to specially qualified men, instead of being regarded as a 
subsidiary duty of the inspector of nuisances. The Sanitary 
Institute of Great Britain has for some years insisted that 
the duties of a Sanitary Inspector are such as to necessitate 
a considerable amount of practical experience and scientific 
knowledge. If, as at present, tlie proper carrying out of the 
work of Disinfection forms part of their duties, the responsi- 
bility of such men is considerably augmented. 

It has become customary in many districts for the public 
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analyst to advise the sanitary coniinitteo on the chemical 
composition of new disinfectants, and, although this pimctice 
should without douht be generally adopted, it must not be 
forgotten that a continuous control over the strength and 
baetericidal activity must be 'maintained after any particular 
disinfectant has been finally selected. 

The laudable attempts of the medical officei-s of health in 
some districts to stamp out sporadic outbreaks of infections 
disease so soon as they are notified to them, are to a con- 
siderable extent nullified by the slackness which obtains in 
neigfhbouring areas, where a lavish display of untested disin- 
fectant powders in the street gullies, or the use of a strongly 
smelling or high-coloured fluid of unknown compositioD, is 
relied upon to satisfy the public demand for hygienic condi- 
tions of life. 

The followint^ pages may help in discriminating between 
useful disinfection and the futile attempts which give a fsilse 
sense of security to many localities in the time of danger. 

I am indebted to Mr. H. B. Bansom, A.M.lD8tC.£., for the 
principal portion of the chapter on Disinfection by Heat, 
and his practical acquaintance with the engineering details 
of diflerent forms of disinfecting plant has enabled me to 
give this section much greater value than it otherwise 
would have possessed. For several suggestions and the account 
of methods for the bacteriological examination of disinfectants, 
I have to thank my former colleague, Dr. C. Slater, of 
8t Geoi]ge's Hospital; and my thanks are also due to 
Dr. Louis Parkcs, the Medical Officer of ITealth for Chelsea, 
for advice and for his kindness in reading the proof sheets. 

SAMU£L. RIDEAL. 

Westiuxsteb, Juntf 1895. 
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DISlNfECTION AND DISIN^ECIANTS. 



gHAPT£K J. 
INTBODtrOTOBT. 

Definition of Terms — Primitivi- Methods of Disinfecting — Bacteriology — Th* 
Methods of dealing with BecteriA by ExclasioD, Removal, and Destruction. 

DeMUon of Terms. — The words ** ditinfectont " and "disinfection" 
liATe in recent years been used in such a variety of ways, and with 
such wide application, (hat much oonfanon has ariien as to the 
ezaet meaning of these terms. 

Before the germ theory was wuTeisaUy accepted, the term ** disin- 
fection" was used to include the destmction <^ infections matter and 
the remoral of any noxious odours to which such matter gives rise. 
It was applied to the action of any substance which served as a mask 
for noxious odours, and many substances which have a powerful 
odour have probably become popular, as disinfectants, solely from this 
cause. After the germ theory had offered a plausible explanation of 
the origin of disease, it l>ecarae possible to define a disinfectant as a 
germicide. Disinfection then ceased to mean simply ''purification," 
but accjuired the special nu-aning of "sterilisation.' A true disin- 
fectant, therefore, must not only mask the smell, but must destroy 
or kill the germs which give rise to it. Many poisons have the 
projierty of killing germs as well as acting upon the higher forms of 
life, and could, therefore, be used as universal destroyers of life ; but, 
in many cases when disinfection is resorted to, it is desirable to 
use some agent which will discriminate between useful life and in^ 
feetious matter. Such an ideal dinnfeeUmt should, therefore, he a 
substance that will kill those germs which act injuriously on the 
hi^er forms of life, without having any marked action upon such 
higher forms. A disinfectant must likewise he eflident in destn^ing 
the spores of pathogenic organisms, whidi, as a rule, are more 
resistant than the germs which form them. From this definition it 
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will be seen that a disiiiliMtant does much moie than prevent deoom- 
position^ and does more than remove the noadous smells which often 
emanate from putrefying matter. A.dfsinfeetant really goes to the 
source of the trouble, and, by killing the organism, prevents the 
spread of epidemic disease. An antiseptic, on the oilier hand, 
prevents animal or vegetable substances from undergoing decom- 
position, and a botly is said t«. be aseptic when it is in a condition 
of sterility, A siihstance which has the property of absorbing the 
unpleasant odours wliicli are omitted from matter undergoing decay 
is called a (Jeodornut, and such substances m\ist bo carefully distin- 
guished from true disinfectants. Most disinfectants are deodorants; 
but a deodorant, unless <if a permanent character, is not an antiseptic. 
It is true that in most cases a noxious smell accompanies decay, and, 
therefore, that any substance which permanently removes the smell 
must necessarily cause the cessation of the decay ; but in other cases 
in which there is no appreciable odour, a deodorant would not be 
required. Charcoal is an example of a body that will abaorb any 
unpleasant smell which may arise from organic matter, but whidi 
does not kill tiie germ producing the decay. Although commonly 
called a disinfectant, it should be more properly classified among the 
deodorants. 

Fiimitive Methods of IHaiiifectiiig. — Man has an instinctive repugnance 
to all noxious odours, and from the earliest time has sought to mask 
their presence by the use of aromatic substances. The use of perfumes 
is probably a relic of the eiibrt dT primitive man to counteract thia 
evil. Many religions ceremonies, such as the burning of incense, have 
also the same origin, and embalming, as practised by the Egyptians, 
is a good example of successful attempts to arrest putrefaction in very 
early ages. Sulphur hsis been employed from the e^-liest limes, and 
Homer describes its use in religious ceremonies. Tn the time of 
Hippocrates, sul|ihur wjis regarded as an antidote against the plague. 
Ovid makes mention of the ijact that sulphur was employed by the 
shepherds of his time for bleaching fleeces and for purifying their 
wool from contagious diseases. During the plague of Athens, Aeron, 
according to Plutarch, stayed the spread of the epidemic by lighting 
fires in the middle of the public places and in the streets where deatha 
had occurred; and the lighting of fires during times of plague has been 
customary until quite recent times. 

The Mosaic law, with all its minute instructions as to the purificar 
tion of the people and their belongings, shows the same combination 
of religious ceremonialand sanitary precautions ; this law, undoubtedly, 
contributed to the permanency of the Jewish race during its early 
history. The Indian who, instead of embalming or burying his dead 
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firiend, hADgs the body under a tree eatpoeed to the air, makes use of 
the property of detiocation, whidi, as is well known, is very efficient in 
aixeeting decay, and is the basis of a modem patent for keeping yeast. 
Earth is a yeiy powerM deodorant and will also act as an antiseptic; 
the gases given off by decaying bodies are absorbed, and thus the 
burying of a bo<Iy under proper conditions may be regarded as an 
efficient moans of disinfection. The use of fire for cremating bodies 
undergoing decay or likely to cause a nuisance is, of course^ an illustra- 
tion of tho employment of licat for the destruction of micro-organisms. 

Disinfection in the Middle Ages. — Daring the long period of the 
Middle Ages, the alchemists did Httlo to atlvance our knowledge of 
this suhjc! t ; they collected a few facts, and described, with more or 
less :iccur:n y, the proj>erties of some of the more important chemiail 
compounds ; but one may search in vain for a correct account of any 
example of preventive medicine. Notwithstanding the ravages of the 
cholera, the plague, and othttP ef^demics, as well as the frequMicy of 
leprosy, the idea of contagion was only imperfectly understood, and 
the common people were &r less deanly in their habits than the Jews, 
for example, or heathen nations who, as we have already mentioned, 
mingled prinutive sanitary precautions with their religions services. 
Periiaps one of the earliest papers of any importance which we have la 
9LMimok9§m'lu9uUlon€eiMpiiquMH^^ written by Pringle- 

in the middle of the eighteenth century. In this Memoire some forty- 
eight experiments are described, in whicli the author took pieces or 
freah meat and }*la€ed them in contact with various amounts of sub- 
stances which be believed to have an antiseptic action. Amongst the 
substances tried we find common salt, sal ammonific, acetates of 
ammonia and potash, nitre, borax, alum, camphor, aloes, and succinic 
acid. These experiments, which were conducted in a very systematic 
manner, are even now not without some value. By taking as a 
standard the antiseptic action of GO grains of salt on 2 grains of 
meat in 2 ounces of water, he was able to show that the other bodies 
enuuierated above had a greater antiseptic power than this standard, 
and thus succeeded in arriving at Uieir relative antiseptic value. 

Bteterlology. — Even the piooeen of modem chemistry at the begin- 
ning of the present century, did little towards promoting our knowledge 
of disinfectants, and it was not until the biologist showed that decay 
was due to the action of living oiganisms which float in the air, that 
fresh attention was directed to the subject Francesco Bedi, by pro- 
tecting meat from flies with wire gause, showed that the maggots 
which infest decaying flesh were produced from the e^iis of the flies. 
Subsequently the formation of moulds on the surface of jams, or other 
organie substaiuse^ was similarly shown to be determined by micro- 
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oigmiims floating in the tar. It was fbrtlier noticed that infectious 
diseases spiead more xapidlj in damp warn weather when there is 
very Uttle wind, and that filtration of the air through cotton wool was 
effectual, not only in removing the dust> hut also in preventing the 

ingress of micro-organisms. 

The gradual accumulation of such facts as tliese by the biologists led 
the chemists to realise that the removal of the odour was not, after 
all, the only work required to be done, and the use of fumigations 
with nitrous acid, hydrochloric acid, and chlorino and other inuii^ent 
bodies, which hatl bcon roconimonded, fell gradually into disfavour. 

Pasteur's work, togetlier with the general development of the 
modern science of bacteriology, has given to chemists a means of 
{vscertaining the relative value of the various chemical substances dis- 
covered from time to time. It was to Pasteur's careful investigations 
that the close analogy whicli exists between fermentation and putre* 
faction was established. Pasteur himself defined putrefaction as 
<* fermentation without oxygen," and showed that all decay was due 
to the action of organisms, the Baeterium ttrmo being the common 
oiganism which b^^ eremacausis. 

Owing to the slight knowledge which we possess as yet of the 
nature of the pabulum in whioh these bacteria of decay live, the 
investigation, of the way in whioh they set Is a matter of great 
difficulty. In recent years, however, the life -history of known 
organisms has been carefully studied, and the chemical changes which 
are produced when they live in media of known compositions have 
been followed. Thus organisms have been allowed to grow in solu- 
tions of calcium formate and calcium acetate, both of which substances 
have a definite chemical constitution. The Vjacteria decompose these 
salts, evolving carbonic acid gas, mixed with hydrogen in tlie former 
solution, and carbonic acid, mixed with niarsh gas in the latter. 
Liictic acid and its salts, butyric acid and its compounds, as well as 
other chemical substances of known constitution, have also in recent 
years been examined bacteriologically. From studies such as these 
it seems to be clearly established that, just in the same way as the 
yeast when it converts suger Into alcohol is killed by the alot^ol it 
produces, so these other micro-otganisms secrete chemical compounds 
which are inimical to their own life. In the decomposition of animal 
matter containing nitrogen, compounds which are s<duble in weak 
alkaline solutions, and known as alkali albumens, are first produced, 
and these subsequently change into albumoses and peptonei^ to be 
again brokw down into tyrosine, indol, and other compounds. These 
latter have strong antiseptic properties, and illustrate the fact already 
alluded to — vis., that the products of decomposition are in the 



Digitized by Google 



t:iTRODCCTORT. 



5 



majority of cases themselves inimical to the bacteria which give rise 
to them. 

The Methods of dealing with Bacteria.— The ideal of disinfection 
is to stamp oat the pathogenic bacteria, just w weeds are eactirpated 
from a garden. This can never be done until their hotbeds, the filthy 
sloms of cities and the neglected country Tillages, are cleansed and 
supplied with plenty of good water, and, in the cities, with air and, 
above all, light. Every dirty court or alley is an admirable culture- 
medium in whidi disMse organisms may multiply ; these issuing in 
a variety of ways, as by clothes, food, and even sometimet by the 
atmosphere, may unexpectedly decimate the so-ealled better neighbour- 
hoods. There is no reason why infectious disease of all kinds should 
not be entirely abolished ; but it can only be done when the entire 
peculation is supplied with knowledge, and placed under conditions 
in which health is possible. At present it is indispensable that 
measures of precaution should be taken continually and habitually to 
prevent any outbreak rather than, as too often is the case, only 
spasmodically when a plague like cholera threatens. The success of 
improved sanitation in rendering ob.solrtti in modern Europe such 
plagues as carried off millions at intervals in the Middle Ages, shows 
that the abolition of infectious disease is possible, but we have 
still among us '^that sad disgrace, our customary (and preventable) 
autumnal epidemic of scarlatina." This would certainly yield to a 
vigorous and systematic insistanoe upon isolation and application of 
disinfectants. With reference to the first precaution, more and bettnr 
accommodation will have to be provided. As to the second, one great 
reason of the want of progress has been the fact, that many of the 
modes of disinfection, even those prescribed by high authorities, are 
absolutely inefficient and useless. We must get rid, to begin with, of 
the idea that the creation of a rival smell is any criterion of safety ; 
we must cease to be misled by laudatory advertisements, and anti- 
quated opinions founded on inaccurate experiments before bacteriology 
became a science, and we must not grudge the expense of a .sufficient 
quantity and a proper application of the disinfectant's that have been 
proved scientifically to really effect their purpose. The problem then 
resolves itself into a struggle for existence between man and inimical 
micro-organisms, which n,re known to have great vitality, powers of 
endurance, and facilities lor penetration, accompanied by a stupendous 
fecundity. The means at present at our disposal for dealing with this 
problem can be classed under three heads 

1. EfdiisIoiL-^The rough methods of quarantine and sanitary 
cordons have not proved a success, since the ways of ingress are so 
many and wid^ and the intolerable oppresuveness of these regulations 
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leads certainly to their frequent ev;isioii. The English nicihoJs of 
inspection, and temporary closure of certain routes, have proved mneli 
more effectnal. The Ust, or personal, line of defence lies in tlie care 
and precautions taken by the indlTidaaL Most of these are indicated 
in Chap. XIII., *'0n Personal and Internal Disinfection." Cleanliness, 
fresh air, light, and good water are the ehieC 

In reoent years it has also been shown that many, if not all, a^motio 
diseases may be ezdnded from the person by the introduction of 
spedal toxines into the individual, a prooess which renders him 
immune from the attacks of the organisms that produce the disease. 
These toxines are produced by the pathogenic organisms themselves, 
and, as already mentioned, are usually inimical to the growth of the 
organism, .iml may he regarded as their natural disinfectants. In 
view of these facts, Pasteur and his succossors have cultivated the 
jxathogenic organisms in broth and other media, and after sterilisation 
have injected the liquid products as prophylactics against various 
IK ases. The virus can also he attenuated by passing it through 
clilierent animals, or by special methods of taming, until, whilst still 
producing the toxines, it can be introduced into man without pro- 
ducing any dangerous symptoms, and thus can render him immune 
from fresh attacks, or place him in a position to develop the natnrsl . 
disinfectant sufficiently rapidly to kill off the pathogenic organisms, 
even after they have gained access to the blood. Dr. Ronx, ibr 
example, at the Vienna Congress in 1894, reported a large number of 
cures of diphthoia by injecting a quantity of serum from the vans of 
a horse previously inoenlated with Lfsffler^s diphtheria bacillus. Under 
the name of antitoxine, this diphtheria antidote is now a commercial 
article, and may be regarded as a q^edal disinfectant for dealing with 
the organisms of this disease. 

2. Removal. — Under this heading may be included the natural pro- 
cesses whicli obtain in a healthy individual, and artificial nu tliods for 
improving his environment. It is now well established that tlie blood 
by its white corpuscles, as "phagocytes," ov by its enzymes, has the 
power of assimilating and destroying bacteria and spores that find 
their way into it. If vigorous health l)e maintained, experience proves 
that a human being or animal may enjoy immunity for a time, even 
when in an infectious area. Tlie limit to this protection may be reached 
when the microorganisms overeome the phagocytes or other defensive 
substances in the blood. Many natural processes, external to the indi- 
vidual, such as the sejf-pnrification of riven^ aid the higher organisms 
in this combat. Man, by artificial methods of snbsidmce, mechanical 
precipitation by inert matters, filtration, and chemical preoipitaiaum, 
supplements these efforts of nature to pnriiy the water supplies. 
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3. Destruction. — This is the office of re^il disinfectants, of which the 
physical agent heat is the most important. Next come the multitude 
of chemical disinfectants, many of which have been highly vaunted, 
but few of which are of actual value. A knowledge of the chemical 
constitatioii aud relative position of these compounds throws con- 
siderable light on their mode of action; and recent progress in 
^Tntheticsl organic ehemistry has been of great aid in iiimishing 
<iomponnd8 of known purity uid constitntion, ▼hioh haTe, at the hands 
of the bacteriologist, been shown to possess antiseptic and disinfectant 
properties of ascertained ndue. The number of these oompoonds is 
constantly on the increase, but at present it is difficult to predict^ 
ezo^ in some few special cases, in what direction the constitution of 
a compound influences its bactericidal behaviour. It seems probable, 
however, that the several pathogenic organisms will be best annihilated 
by specific chemical compounds* so that, for personal disinfection at 
any rate, some of the newei' compounds may eventually be proved to 
be definite specifics. 



CHAP T£K II. 
MECHANICAL DISINFECTIOIT. 

brafficiency of Deodoriaation — Physical Means — Light capable of killing Bacteria 
— Sunlight and ordinary Daylight— Conclusions — Inert Substances : Carbon 
— Animal Charcoal— Vegetable Charcoal — Disinfootioa Gratings — Use in 
Ckseli^FM Chirooal— Coke— Soot— Coal- dit—Pwi t S awdast-^gay— 
Dried Esrth— Spongy Iron— Infosorial Bsxlh or yiwe Ignhi^AslMS and 
Cinders — Gypsum— Sand Filtration : Conditions of its Efficiency— Chamber- 
land and Ikrkefeld Filters— Stone Filters Puriflcation of River Water: 
Clark's Method — Gaillet and Uuet'.s Process— Natural I'urification — ^Desiooa- 
tSon : Bedttaaee of Mierobei to Drying. 

^umflSoiency of Deodorisation.— The simple removal of smell, or oven 
the act of disguising it by a chemical of more powerful odour, is 
"frcqnently looked u}>on as disinfection. Yet it is obvious that the 
removal of the injurious products of putrefaction, although it may b© 
of temporary benefit, will not prevent the organisms froin reproducing 
A further quantity. There an- also a number of micro-organisms 
known, in whose growth there is never any ill smell evolved, and no 
ammonia or sulpliurrtted hydrogen detected ; but which, ut the same 
time, form ptoniaim s, unci are in otlit*r ways dangerous to health. 
Some of these, as pointed out by Klein, may evolve an aromatic smell 
and thus be tolerated. 
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Light as a Disinfectant. — In those cases in wliich it is advisable that 
large volumes and surfaces should be sterilised, it is not usuallj 
practicable to kill all the bacteria hj chemical agents; therefore 
recourse mnft be had to their xemorel by physical means. 

LZOBT. 

The action of light is one of the most importuit of these physical 
agendes for diminishing the number of microbes. 

Downes and Blont* first demonstrated the antagonistie action of 
light towards bacteria. Test tubes containing sterilised Bwtenr 
aolntions were exposed to intermittent sunlight and diffused daylight 
for periods varying from days to months, having been previously 
infected Ity minute quantities of liquids containing bacteria, or else 
exposed for a time to ordinary air. A similar set of tubes were 
covered completely with tin-foil to exclude light, other conditions 
being the same. They found that direct sunlight in some cases 
entirely prevented the development of the organisms, in others only 
retarded it, and that even dili'used daylight had a distinctly deterrent 
effect. The blue and violet rays of the spectrum were much more 
active than the red and orange. They further showed that the 
influence on spores was not exerted in a vacuum, that the nutritive 
value of the culture liquids was not allocted, and that the bacteria 
were much more resistant when immersed in water than when sur- 
rounded by any other medium. From these facts they attributed the 
destructive eflbct of light to the promotion of oxidation by the influmice 
of the sun's rays^ie., to the so-called actinism of light. (See Chapter 
xiii. as to the influence of light on the rancidity of butter.) 

A number of other investigators continued the research with pure 
cultivations of pathogenic bacteriai and particularly on the production 
of colours by the pigment-producing bacteria. It was noticed that the 
sun's rays appeared to favour the development of several kinds of yeast 
and moulds, and that the action of light was increased by the presence 
of air. t Pansini ^ found that the destruction was rapid during the 
first period of exposure, .'360 colonies of 7?. nufhrari^ being reduced in 
half an hour to 4, l)ut that the further operation proceeded mucli 
more slowly. The spores of anthrax in a dry state were more 
resistant to light than when moist ; in the latter case an exposure of 
from thirty minutes to two hours was sufficient to destroy them. 

• Proc. Roy. Soc, Dec. 6, 1877. 

t Arloing and Gaillard, In fluence de la Lumtere aur let Micro-org., Lyon, 1888; 
Uffelnuum, JJyg. Bedtui. des SonnenUdUetf 1889. 
tMkUlad^Igiene, 1880. 
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Koch says that sunliglit, or even ordinary drtvlii^lit, will kill tttbercle 
bacilli in from a few minutes ti> tive or seven chiys, according to the 
thickness of the stratmn.* Junou ski has also prove<I that four to ten 
hours' sunlight dcstmyed ty[ili(ii(l l>acilli. After passing through a 
solution of potassium bichromate, so as to cut oti' the blue and violet 
portions of the spectrum, the rays had no etTect.f He showed also- 
that the effect of the light was not due to increaae of temperature. 
G«ister demonitrmted that an electric light of 1,000 candle iiower at 
1 metre distance was less effective than direct sunlight t Marshall 
Ward§ showed that the dried siiores of anthrax were acted on by 
light in the absence of food materials, and that the light did not 
ai^nreoiably diminish the nntritiTe value of the agar-agar medium. 
Khmeleosky finds that both solar and electric light inhibit the growth 
of Staphiflococcus pyogmea aureus, Baeillut pyoerfaneus, Streptoeooeuf 
erisipdatf and S. pyogtnea. Sunlight destroys their vitality in a>)Out 
six hours, and exposure to sunlight seems to mitigate their virulence 
when it does not destroy them. It also makes the media less fivour- 
able to their growth.|j Percy Fnmkland and other investigators 
have examined the action of light on the organisms in the Thames 
and other waters.*] Buchner has also shown that in water tyiihoid 
and other cultures are destroyed by exposure to bright sunlight for 
three lumrs. By immersing cultures to different dej)ths in the 
Sternberger Lake at Munich he has further demonstrated that tho 
bactericidal action does not extend to a greater depth than three yards,, 
and that hence in the self'purification of rivers the action from this* 
cause is chietly superficial The conclusions of the various researehee 
may be summarised to the f<^owing effect : — 

1. Light has a deleterious action on bacteria in their v^etative,. 
and, to a less extent^ in their spore forms. 

2. The action is not caused by the rise of temperature. The ultra* 
violet rays are the most powerful, and the infira-rad the least, showing 
that the phenomenon is due to chemical action. 

3. The effect is greatly increased by the presence of air and 
moisture, so much ^o that it is undoubtedly due to a process of 
oxidation, possibly brought about by the agency of oeone or peroxide 
of hydrogen, or lx>th. This view is supported by experiments by 
Richardson,** in which it is sliown tliat j)eroxide of hydrogen is formed 
in urine during insolation, and that the sterilising action of light can 
be counteracted by the addition of substances — e.g., peroxide of 

• ZeiUchri/t f&r Hygiene, vol. x., p. 285. 

t CentralblaU f. Bakteriol., 1890, pp^ 1C7, Ac. t Piid., 1892, vol. xL, p. 101. 
§ Proc. Hoy. Soc., 1893, p. 310. 11 Brit. Mtd. Joum., 1894, p. 72. 

t Jbid., 1893, p. 20. Proc. Chem, Soe., Ib93, p. 121. 
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niaiiganesc — which (h?stn>y lijdrogen ])eroxide.* Kichardson shows 
that the insolation of water alone does not generate peroxide of 
hydrogen. Dr. Frankland thinks that in the case of dried bacteria, or 
those suspended in pure water, the destrnetion is oocssioned bjr the 
peroxide fonned within their cells. 

4. The action is not generally due to any alteration of the medium 
by light. 

5. The result -varies aoooiding to the duration of the exposure, the 
intensity of the light, and the nature of the oiguiism. Anthnuc 
spores grown at 38* 0. are mudi more easily killed by light than those 

obtained from the same source at 18** to 20* C. 

6. There is no evidenoe that the virulence of anthrax undecgoes any 
permanent attoiuation through exposure to light. 

7. Anthrax spores are less rapidly destroyed in distilled or potable 
waters than in cultiire media, or in an isolated condition. Tlitir 
endurance is particularly long-contimied in distillfd water in absence 
of air, resistance to upwards of 1 10 hours* exposure having been 
•observed by jMomont.j The addition of a halogen salt, such as 
-sodium chb»ri<le, materially increases the rapidity of destruction, while 
4Ui oxy-salt, like sodium sulphate, has little or no influence. 

8. The effect is much diminished by the rays passing through deep 
layers of water. 

9. Whilst every opportunity should be afforded for insolation in the 
oonstruction of water works, undue reliance must not be |daoed on 
this any more than on any other particular bactericidal agency (Arty 
I^ranldand). 

Professor Esroarch has endeavoured to make use of sunlight as a 

practical disinfectant for skins and furs whidi cannot be sterilised in a 
steam disinfector. He finds, however, that, as might be expected, the 
light has only a surface action, eqpecaally on dark materials, and that 
it is, therefore, valueless when micro-organisms are likely to be present 
in the deeper parts. 

MEOHAMIOAL PTTBIFIOATION OF OASES AND LIQUIDS. 

Inert substances have been used (1) for the removal of bacteria by 
mechanical straining or precipitation, (2) for the absorption of noxious 

«manations. 

Carbon. — Animal rlmrcoal, or bone-black, more particularly absorbs 

substances in solution (see Fiffratitm, p. 15). When thrown into 

sewage, es])ecially with clay and otlier heavy powders, it carries down 

with it almost the whole of the suspended matters into the sludge, and 

* r. Frankland, Micro-onjanitPM in Water ^ 1894, p. 
t ilim. d» PimL Ptulrur, 1892, voL vi , p. 81. 
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also removes svil[)liurette(l hydrogen, amuK mia, tlir pioiiiaines, and tlie 
greater part of the other organic comjiounds, so as to leave tlie 
supernatiint liquid nearly colourless and clear. If it could bo used in 
sufficient quantity it would be one of the best of purifiers. It also 
^Ifoeta a slow oxidation of the matters contained in the deposit, by 
mtuxB of the oxygen which most forms <^ carbon absorb from the air. 
Unfortnnafcely, it is an expensiTe material, as bones are in great 
donand for manure. A large number of processes, many patented, 
haye endeayoared to reoorer the phosphate by using the sludge as a 
fertiliser, but they have all, so for, met with liMle oommenaal success. 

VegdabU dkaireoal has a still greater power of condensing gases 
within its pores. One volume of wood charcoal will absorb the 
following Tolnmes of different gases: — ^Ammonia sulphurous add 
€5, sulphuretted Iiydrogen 55, carbon dioxide 39, carbon monoxide 
9*42, oxygen 9-25. Those gases and organic vapours which are capable 
of oxidation, and possibly bacteria, are destroyed when they corao in 
intimate c ontact, within the pores of the charcoal, with the oxygen 
derived from the air. The charcoal should be freshly prepared, or 
should be reheated to a temj)erature short of ignition, as it rapidly 
loses in power. By the latter means, or, l)etter, by charring again in 
closed vessels, it can be re-vivitied many times. Charcoal derived from 
different woods has slightly varying powers of absorption ; as a general 
rule, ihe more porous it is the greater the activity. Vegetable charcoal 
hss less action on liquids than animal, and being lighter than water 
floats on tiie surfooeu Letheby, Stenhonse, and others proposed the 
use of gratings containing wood charcoal as rentilators for buildings 
said sewers. They did not, however, prove a suooeis, as th^ soon 
become exhausted. If the dead body of an animal be buried in 
wood charcoal it decays without putre&etive odour, except that 
ammonia is evolved. Wood charcoal removes the odour ci all 
decaying matter, and has been largely employed to restore tainted 
meat^ by placing it in the water used for boiling. Although the taint 
is removed, the food is not thereby rendered wholesome. It may, 
however, be usefully ein])loyed when only a slight change has occurred. 

Revill ^ demonstrated that charcoal is not, in a true sense, an anti- 
septic, since it rather hastens the decomposition of pntrescil)le matters, 
although, by aVisorViiiip; the products, it renders the j^rocess ino<lorous 
— i.e.j it is simjily a lioodurant. Still it has considerable value for 
cess-pools, water-closets, and dead bodies, when a removal is necesiiary. 
Ooddard & Co. in 1887 patented an automatic purifying closet in 
which a mixture <tf animal and wood-charcoal, under the name of 
Sanitary Oarbon," was dischatged mechanically on the excreta at 

* Arddtm ^Mr. d« Jr<rd., 1833. 
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each discharge. It was said to effectually deodorise the excreta, which 
is true, and by retainmg the ammonia, to produce a manure of some 
▼alne. On ahutdng down the Hd a aoffident qiumtity of the CMrbon 
it Mattered over the excreta in the pen beneath at a ooet for eaoh 
time of using of one-eighth of a penny.* In all these methods of 
using carbon it is found that, as the ammonia is rather rapidly evolved 
on exposure to air, the substance soon becomes almost devdd of 
nitrogen, and has praeticsUy no value as a manure. 

Peat-Aarcoal is very light and absorbent Its application has not 
been a success owing to its friability. Powdered ooke, being denser, 
possesses much less power, yet it has been proposed in many patents 
for purifying sewage, either alone, or as an adjunct to other agents. 
As an instance, Kingzett in 1887 patented the use of a mixture of 
powdered coke and dry clay as a sewage precipitant. He states that 
the deposit can be readily pressed. 

Coke alone has only a mechanical action. 

Soot contains einj)yreumatic and bituiuinou.s matters in small quan- 
tity, and hu.s therefore antiseptic properties due to these ingredients, 
biit its power, though rather lasting, is not very great. It is moder- 
ately absorbent. In horticulture it is much used as an insecticide. 
Sprinkled about sewers and drains it removes the odour. 

Ceal^utt, l>eing scarcely porous, is almost inert Katuful bitumens 
have long been used for embalming but a great part of their effect is 
due to the mechsnioal exclusion of microbes. M. de Mily has reoentiiy 
carried out a number of experiments on the use of bitumens mixed 
with chopped rsgs (100 kilos, of rags to 10 of bitumen for 600 vines), 
to prevent the attsdcs of Phylloxera and other pests on ground that 
could not be treated with sulpliur. The bituminous earth from 
Rhodes, which was mentioned by Strabo in GO B.C., has also been 
recently used for this purpose. The results seem to have been most 
satisfactory. 

Pf(tt itself when dried is of value for absorbing moisture and, with it, 
noxious emanations. 1 lb. of it (coiitainiug '25 per cent, of watt-r) can 
take np seven and a-half times its weiL,dit. 100 lbs. of powdered peat 
will absorb 1,438 litres of ammonia. Scverril patents have been taken 
out for incorporating it with disinfectants, for whith jmrjiose it seems 
at first to be admirably suited for use in stables, itc. Krnst t proposes 
that peat or moss should be mixed with 2^ per cent of iron sulphate 
or phenol, and used for litter, privies, Acl The odour of stebles In 
whidi peat moss is employed is less than those in whidi straw is used 
as litter ; on the other hand, powdered peat is now somewhat exten- 

* Zoseer, lSi>7, i>. SStt. f Patent No. 2,581, 1882. 

t WestkBight and GaU, Patent No. 11,011, 1886. 
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sively used for dry closets, and has the advantage over cartli of 
absorbing the urine. Schroder lias also shown that it lias a true 
disinfectant action on cholera vibrios, although other pathogenic 
organisms are more resistant. Drs. Frankel and Klipskin * have 
investigated the subject more minutelj and have established the fact 
thai the comma badllus when mixed with peat-dost is destroyed in 
about three hours, whilst cholera yibrios may retain their vitaUtj for 
fourteen days, unless the urine be acid. Dempster t has shown that 
the cholera badllus cannot live in peaty soil. The addition of snper> 
phosphate augments the disinfocting action of the peat» whilst kainite 
has little influence. The authors, therefore, strongly recommend the 
use of peat for isolated dry closets. 

Sawdust, especially the varieties derived from pine wood, is widely 
used, on account of the resinous and aromatic compounds it contains, 
which seem to ozonise the air to some extent, and also give off sn 
agreeable odour. It is not a good vehicle for disinfectants, as it is 
not very absorbent, but is used to some extent in country districts 
where there is no water supply for retaining urine in urinals. 

Clay, blast furnace slag, shale, and dried earth ore all used for 
special purposes. 

Infusorial earthj or Ivieselguhr, sterilised by being subjected to a 
heat sufficient to cause it to glow, is said by Dr. Habart to be excellent 
as a dusting powder in surgery. It absorbs from five to seven times 
its weight of water. Mixtures of equal parts of the earth and 
salicylic add, salol, or iodoform, as well as a 1 in 3,000 trituration of 
corrosive sublimate^ have proved usefiil. 

Aahes and dodon. — ^In Belgium and Holland the household ashes 
are thrown daily into privies and ditches with the idea of disinfection. 
In Salford, Oldham, and other pkuses, the ashes, vegetable, and street 
refuse were formerly carbonised and tised fur the same purpose, some- 
times with the addition of charcoal and dry earth, as recommended 
by Parkes. But though the odour is in great part removed for the 
time, and the excreta are solidified so as to facilitate removal, no 
true disinfection is accomplished. 

Gypsum with coal-tar, under the name of ponJre Je CoTrne et 
Df>»iieaux, was formerly much eni})l()y(Ml in France for disinfecting 
w(junds.+ Gypsum is still sometimes used in stables. Asln'stos, talc, 
pumice, in iact any dry absorbent powder, will act nearly as well.§. 

• ZeiUtch./. Hygiene, 1893, p. 333. 
t Brit. Med. Journ., May 2«, 1S94. 
J Valpeau, C**mpte* Jiendntt, 1S60, p. 279. 
8 VaUhi, DMn fedtnu^, pp. 41, 58. 
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BAUD nUESATXON, 
Percy FmnklAiid * states that out of 100 micro-orgsmsms present in 
untreated rirer water, there were removed by the Water Companies, 
before distribution, in the case of the 

18S6. 1887. 1S68. 

Thames, 97*6 96-7 M*4 

Lea (Eart London Co.), . . 00*5 . 96*8 M'3 

Sand filtration carefully pursued offers a remarkable and obstinate 
barrier to tiie passage of micro-organisms, and there is every justifica- 
tion in presuming that if disease organisms are at any time present in^^ 
the raw untreated water they would be retained. Tlds was proved by ^ 
experience in the cholera epidemic at Hamburg and Altona in 1892,t 
when in Altona the water was filtered carefully, in Hamburg not. 
Although the original water supplied to Altona was worse than that 
ci Hamburg, the deaths in Altona were 221, in Hamburg 1,250, per 
' 100,000. At the end of 1892 an outbreak occun-ed in Altona owing 
to a filter-bed breaking down, proving that the slightest imperiection 
in the manipulation is a consUvnt menace during any epidemic. 

Frankel and Fiefke studied the rate of filtration,^ and came to the 
following conclusions : — 

1. A filter rujmmg rapidly soon clogged, and did not properly 
remove bacteria. 

2. The full eflfect was not obtained until the lilter had been at least 

a (lay in use. 

3. High pressure is inimical to ellii icncy. 

4. The (quicker filter actually passed less water in the course of the 
month than one which was originally slower, owing to the former 
becoming dogged. 

5. Cholera and typhoid were not completely stopped, but the former 
organisms were more removed than the latter. 

6. The slime that forms in the upper layers is the main agent in 
entangling the bacteria. Sterilised sand did not retain the microbes. 

7. The efliciency was in all cuses only relative, not absolute. Thus, 
mixed coarse and fine sand with fine gravel, of a depth of 3 fieet 
8 inches, removed 74 per cent.; fine sand, 5 feet deep, 86 per cent., 
and garden earth and peat retained nearly all the micro-organisms, 
but the latter two in practice were too slow§ to be of auy practical 
value as filtering,' nu'<ii.'i. 

Mechanical filtration for doniestic purposes can be efTected by the 

* Micro organimB tit H'oter, 1894, p. 124; alao Trwu. San, JiM. 0. B., vol. 

viiL, 1S86. 

t Koch, ZeU. /. II yg., vol. ziv., pi 308 ; voL xt., p. 88, 
$ ZeU.f, Uytf., 1890, vol. viil, p. 1. 

I Btpori oj ManachuitUt Board o/StaUh on Pwrifiea^ qfSewagt, 1890-98. 
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Cbmberiaad filter, or by tbe BerkeMd modificatioii. The former 
ooBsista of a cylinder of biscuit or unglaied porcelain. The latter ie 
made of compremed and baked infosorial earth; to renew it» it is 
deaaaed nnder mnning water, pnt into cold water, which is then 
FMsed to boiling, and boiled for some time. It is quicker than the 
Chamberland and possibly equally efficacious. If a few litres are ran 
to waste, and it be kept in a cool place, and waslied and sterilised every 
eight (lays, no bacteria will find th« ir M'ay througli the material.* 

Stone filters are absolutely uiireliable.t Asbestos does not long 
eontinui' t(i retain micro <)rganisnis,+ and Drs. Sims Woodhead and 
Cartiight WoihI, in a recent report, have shown that, with tlie excep- 
tion of the filters already mentioned, there are none which are of real 
value. The nuniher of hacteria per cuhic centimetre (as counted 
under the iiiicros( <»}>e) has l>ecume one of the chief elements in valuing 
the merit of a water. Spring waters have superseded river waters, 
and towns, which have hitherto sought water from their own rivers,, 
have had to seek other sonroee of greater bacterial purity. The 
principiil processes of purification are Deposition, either natural 
or assisted by the addition of precipitants; (2) oxidation ; (3) the vital 
actions of the microbes, in which "the last word belongs to the 
aerobic, and, therefore, to the most inoffensive." § 

QttdL'B well-known method of softening water by the addition of 
slaked lime to a water, whereby nearly the whole of the carbonate of 
lime is precipitated, has long been known, not only to soften the water, 
but also to carry down the greater part of the colouring matter and 
suspended impurities, mineral, organic, and living. Thus at Hampton 
it has been found to reduce the germs in the Thames water from 
1,437 per c.c. to 177. 

Other Methods. — Among modifications of Clark's expired patent are 
Gaillet and lluets, which consists in the juldition of taustic soda and 
accelerating the sejtaration of calcium carbonate by dej)ositinii bi-twcen 
plates, and ^laignen's Anlicalcaire, which contains more stxla, sfxliuni 
carbonate, and lime, and throws down nearly all the lime and magnesia 
of the water. 

Percy FranUaod, in a compsrisom of the original Clark's process 
with tiiat of Gaillet and Huet, as tried on the water of the Colne 
Valley Waterworks, found 

OmH Ootdm Bedaethm 
bsfbn. kftsiv per Mot» 

Clark, after two days sabseqaent nst, . . 322 4 90 
Gaillet and Huet, after two hoon, . . 182 4 9B 

* Znlmiiit, f. Hy>j., lS9t, voL x., pp. 14o, 155; FriodeBraieh, Caiir, /, 
MUrioL, 1802, p. 340. f Emueb, tbU., IROe, veL xi., p. 625. 

t Jolke, UntL, 1802, vol. xU., p. 596. 8 Dodaux, Ann, de riiuL Patleur, 19BL 
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«o thaJk ihft MUUtkm of aod* rery greatly inereMes the ntpidity. It 

must be borna in mind that even if only 2 per cent* of the organisms 
are left the water is not sterilised, but the subsequent addition of a 
reUtively small quantity of a chemical disinfectant would secure such 
a result.* Slow deposition alone diminishes the number of micro- 
organisms present in a liquid. In the passage through two settling 
rosorvoirs of the N<'\v I'ivor Co.. Dr. P. Frankhind found that the 
Alteration in the number of germs present was as follows : — 

Germs per c.c. 

fintmaoo of first iMsnroir, .677 
Exit », .... 560 

of SMond reservoir (lar(2;e one), . . 183 

Reduction only 27 per oeut. 

Buchnert introcluced into clean water in repose a number of 
dift'erent micro-organisms. /?. j)i/on/aimts multiplied abundantly, but 
JJ. tijplii and B. coli (the onlinary bacillus of the intestines) died in 
two or tliree days,* whilst IVrcy Frankland in Thames water, and 
J. Parry I-«-i\ve.s in London sewers have noticed siuiilar results. 

Duclaux corjchules by atiirnung that putrefaction itself purifies, and 
the u)icrobe8 themselves are the chief purifying agents. It i.s true 
that although they finally convert putrefying matter into carbonic 
acid, ammonia, nitrates, and water, which are harmless, in the process 
cevend transition products are formed whidi are very poisonous. 
Moreover, if they multiply within the hody they produce disease by 
mechanical irritation, by starving the nutrition, or by excreting toxic 
compounds, such as ptomaines, into the blood. It is necessary, 
therefore, (1) to keep their numbers within bounds, (2) to exclude or 
kill the specially dangerous ones, (3) in special cases, as in preservation 
of food, to get rid of them altogether. Such an end can be attained 
in the case of sewage effluents, first by accelerated deposition, second 
by chemical disinfection of the clarified water, and, finally, by subse- 
quent irrigation and filtration through land.§ 

Scott Moncrieff has recently proposed to utilis'^ the micro-organisms 
of putrefaction for destroying the sewage itself, and has patented the 
use of special cultivation beds for this purpose. The process has beeu 
successfully worked at Towcester, and has beeu tried at Aylesbury. 

DX8ZCGATI0N. 

It is well known that hot warm climates are the special seats of 
cUseases of an epidemic character, and that dry localities, whether cold 
or hot, are oompamtively healthy. Moisture and warmth being 

* See also Kroger, Atm. de r/ntt, PtinUur^ voL it , p. 021, 

+ Atchlv. /. JJyjiaif, 1S9-2, p. 184. : See abo Schmidt, ib/d., voL xiit, p. Si7, 
I MiqiMl, Auai^ BacUrioL d«$ A'aiue, Paris, 1891, p. 138. 
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Ikvonrable to the growth of micro-organisms, it might be supposed 
ihat cold and dryness would prejudice their vitality. To a great 
extent this is the case. In 1871, Burdon Sanderson sliowed that iee- 
^ter from the purest ice contained bacteria.* lanowski proved that 
«nov ev«a at ^ 3-9 to - 16* 0. eo&tfttned living tnicro-orgaiii8m8,f 
Sdimelk found the same in snow from a glacier in Norway,^ Fraenkel 
in ioe supplied from a lake near Berlin. § Pietet baa also shown that 
the temperatare of liquid air had no germietdal action. It has thus 
been shown that oold akme will not kill many baeteria ; it remains to 
aee how far desiccation is efiectual against them. In sandy deserts 
it is common to find corpses dried and free from putrescence ; food 
«an also be dried, and if kept protected may be preserved for an 
unlimited time. Herbs and vegetables are thus dc^^it t-ited and ren- 
dered free from fermentation. Some ]>lant8, even when dried, revive 
when they come to a moist spot, and there are well authenticated 
cases of nuimmy wheat having germinated. Desiccation thus seems 
to suspend the vitality of seeds, and not to destroy it. This is true 
for germs ; when perfectly dry they remain for the time sterile and 
inoffensive, and seem to be subject to aerial oxidation; but if, by the 
^villlls, or other agencies, they are carried in time Ui a moist situation, 
like a body of water, a plant, a human skin, or, still better, a mucous 
membrane (such as that of the lungs), they at once revive and com- 
mence to developw 

^e utility of the SueaJi/ptus and other trees in marshy districts is 
partly due to their absorbing and exhaling the moisture of the soil. 
SiocatiTe powders, like starch and steatite, are known to be useftil in 
anrgety. Many epidemics haye suddenly ceased when a dry season 
has set in. 

Both Koch and Klein have proved that the ^orea <rf most of the 
«fmimon species of bacteria resist drying for an indefinite period. 

Klein kept the spores of various potato bacilli — e.g.y Peronmpora 
■if^e^am (the potato blight), BacUlua anfhracis, the hay bacilluSi and 
those of scurf and jequirity, in culture tubes uf agar agar in a per- 
fectly dry state— in a closed bell-jar over oil of vitriol — until the 
medium had dried up to a thin sjirivelled film ; and yet, even after 
two years and a half, on inoculating fresh materials from the above 
tubes, typical and good growths were oljtained. On the other hand, 
non-spore-bearing Imcteria — e.(j., various species of Sfajiliylococcus, 
Streptococcus — bacilli of typhoid, swine fever, swine erysipelas, Koch's 

• ThirtMnth Report of Med. Off, of Privy CouneiL 

•fCentr.f. Dakteriologie, 1888, vol. iv., p. 547. t Ibid., p. 547. 

%ZeU4chr. /. Byg., 1886, I., p. 302. i)«e also Ueyroth, Arb<it, Kaia, Gtsutul., 
miL iTn 1888L 

2 
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and FinkWl bMilli, UtSm c£ {MMnonia, Ibwl entnitia, eUakn 
oliolBim and gnnue dirtnae, m wall m a mnber of othen^ were kepi 
as agar cultures until the latter had well dried up. No sub-cultorea 
omild ba laised ficom aiiy^ of than, Jn other experimenta they wera 
dried u a cnmnt of air, or hf aiinple exposvre In a thin film on 
oover passes i& the maaner employed bj Koeh, leaving them pro> 
tooted from dust till dxy. No growth of the non-qiori&roas species 
could be obtained ia gelatine. If the drying is not complete, that ia 
if the film be too thick, so that the superficial layer forms a protective 
coating for the rest, then the result of inoculation with such material 
will be positive ; the bacteria below the surface, having been protected 
against drying, survive, and can produce a new crop. Similarly, when 
particles of solids coniaiiiiiii; bacteria are drie<l, it will be found that 
here also the centre escapes thorough drying, being protected l)y a 
superficial crust. Ordinary dust particles, however small, are never 
so dry that the bacteria contained in them are killtKl. The proof of 
this is that numbers of non-spore-bearing bacilli and micrococci can 
be cultivated from the dust of an ordinary room.* 

I>empster has pointed out that diolera vibrios, whilst they can 
tmrriTe in moist soil, quickly die when the land is dxy.t 

Dr. Bodmer I says that in the dost of a room B, iub€rtuic§i» haa 
been found alive a year after the patient died. But he doea not 
believe that the virus of typhmd or other fovers ever enten the hnman 
body through the respiratory tract 

{^visions that have been smoked and dried may yet contMn, not 
only miero-organisms, but also the ova of Trichina and worms. 
Pemmican, the dried and powdered beef of the prairies, has been 
said to communicate disease. If the meat, however, has been 
thorougldy soaked in a preservative like pyroHgneous acid, aud then 
dried, it is usually free from danger (fCocIi). Dry heat and superheated 
steam as disinfectants will be further considered in detail in a subse- 
quent Chapter. 

* Klein, Stevenson, ami Murphy's Hyffimt, 1888, pp. 11, 81. 

t Brit. Med. Jonm., March 26, 18M. 
t Ohio San. Rtcord, Apnl, 1894. 
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CHAPTER IIL 

DisnrFEonoif bt heat. 

Belt as a Disinfectant : ContHtiims rcciuiretl in a Disinfector — M.^les nf dealing 
with Coudcnsation on ( Jootls — Time and Steam Conditiou re«iuir(Hl for Dis- 
infection — ExperimcDta on the Penetrating Power of Steam — Types of 
Pfifnftiotnri; EogHih, Franeh, Duuah, Oonnaii* Anwricaa^PaUie Tn«tiH>' 
tioui Eogliah and Anerioan. 

Heat as a Disinfectant. — It has Inen foumi iu practice that there are 
cases iu which chLUiical disinfection is not suitable, owing to the 
fact that many chemical disinfectants are very apt to cause damage to 
tbo aitidei trealed, and «lao that their action frequently iiiT<rfveg pro- 
longed eaqxmire^ and ia even then only superficial in ita effect For 
initance, the vsoal modeof disinfecting a room which has been occupied 
bj* a person suffering from an infections disease, is to dose all ootleta 
and bnru a given weight of snlphnr therein for a period ci several 
hours. But if this treatment be applied to such things as heavy 
woollen clothing its effect ia praetically nil, as may be readily shown * 
bj a very simple test. It has been found that a bright shilling, when 
exposed in a rrM)in subjected to fumigation by sulphurous acid, is 
immediately tarnished, but a similar coin wrapped up in a hand- 
kerchief or placed in the pocket is not discoloured in the slightest. 
It is fair to argue from this that, in the instance cited, the action of 
the disintVrt iiiii g.'tses has only been superficial. The chemical treat- 
ment of ilu' r«)um is jiistifmble on the sjround that in all ])rol)ability 
surface disinfection only is reijuired in dealing with substances like 
wood, btiok»<, and iron, it having been assumed that all permeable 
artick'S, such as car{»ets, curtains, S:c., have been previously removed 
for niore complete treatment. It is, however, open to doubt whether, 
even in tiiis case, chemical ti'eatment would be resorted to wne it 
prsotioable to apply disinfection by Iieat. 

For the reasons that have just been stated it has become usual not 
to attempt the disinfeetiiQii of sodiartides as clothings bedding, oaipetSy , 
Jbg^ by chemical means, however invaluable such means have been 
proved to be when applied to other cases. It would appear that 
the introduction of heat in some ferm or othw fer purifying purposes 
would be an obvious st^ to take, but it must be remembered that 
nearly two centuries ago, disease germs considered as organisms of 
any kind, still less as bacteria-bearing spotea^ were than unknown, 
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and, if their existence had even been suspected, condderable experi- 
mental proof wonld be required to show that a temperatnre below 
that at which articles of clothing wonld be damaged or weakened in 
thmr fibre, would be sufficient to destroy all danger of infection. The 
work of Keedham, therefore, during and before 1743, must be looked 
upon with admiration, since it was he who first reeoixlod experiments 
in a systematic manner involving the use of heat with the object of 
aterilisinc^ orr;anic substances. His cultivations, as they would be 
termed tt>-dtty, were placed in carefully-closed vessels surrounded by 
fire, and his exporinionts led him to conclude that such treatment 
rendered growth impossible. Curiously enough an aftcr-gruwtii in the 
sterilised cultivating medium made him a convert to the theory of spon- 
taneous generation, and it was in reference to this theory, the crucial 
debate of the ago among scientific men, that the publiciition of his 
experiments was due.* Needham's great opponent, S|>allanzani, in 
reference to the same theory, also took up the question of sterilisation 
by heat ; he even went so far at to detect the dtffijrenoe between dry 
and moist heat, and showed that in some instanoes animal life was 
impossible in water at 45* 0., whereas the same cultivations were not 
destroyed by dry heat at a temperature less than 80* C. 

In 1804, Appert discovered that meat, vegetables, when placed 
in carefully sealed receptacles, and dipped in boiling water for an hour, 
would keep indefinitely without putrefaction or fermentation. This 
process was a ery carefully reported on by Gay Lussac (at the request 
of the French Government), who, owing to these investigations, 
expressed the opinion that no oxygen was present in the sealed vessels 
after the process, and that the absence of this gas was essential to the 
preservation of animal or vegetable tissue ; but it was noteworthy that, 
although this brochure was for long regardrd as the standard work 
dealing with the subject, no mention wliatcver was made of the 
destruction of germ life within the vessel. 

It is generally believed, however, that the earliest ajtplication of 
heat to disinfection on a large scale, as opposed to the laboratory 
experiments of Keedham, Spallanzani, kc.^ was not made public until 
Br. Henry, F.R8., of Manchester, gave an account in the PhihtopiMl 
MagaziiM for 1881 of some experiments he had made on the disinfection 
of infiscted clothing by hot air. A steam jacketted copper was used, 
into the casing of which only steam at 212* F. a-as admitted ; but^ 
apparently, it was found impossible to heat the interior to much more 
than 200* F. with these apfiliances. Dr. Henry's results, so far as they 
went^ were racouraging, and tended to show that the clothing i( 

* 8m Xa ffimiraUoH tpomUmie, by L Stranas ; Ar^ de miiUcSm expirhHaUaU, 
t, V, p^ 189-156 sad 389-348. 
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scarlet fever patients, wliich liiul l>epn submitted to a teraperatiire of 
200" F. for two to four hours, would not propairate the (liscase if wora 
by other healthy persons. Most of Dr. li« nry s experiments, and 
even of those of Dr. Baxter in 1$75, were made with vaccine lymph, 
and it wm nMj not nntil the experiment! of PMteur, lister, Bovdon 
Sanderson, Tyndall, and Kodi had been published, that sufficient 
data eoncemiog the reality and nature <tf baeteria existed to render 
it posrible to test the efficacy of heat^ dry or moists as a destructive 
agentb 

The results of TyndalFs experiments (communicated to the Koyid 
Society in 1876 and 1877, and also contained in his well-known book, 
entitled Floating Matter of tlw. Air) were remarkable, inasmuch as they 
treated the subject largely from the physicist's standpoint. In this 
work he proves conchisively how very variable is the treatment, both 
as regards duration and intensity, of the heat essential for the 
sterilisation of organic matter. He showed, for example, that hay 
infusion miirht 1)0 kept continuously boiling for several hours and yet 
not be steriiiseti, inasmuch as the spores could resist such treatment 
and develop subsetjuently, although the original mature bacilli would 
have all been destroyed. As a proof of this he boiled similar infusions 
intermittently for a couple of minutes, twice or three times during a 
day or so, and found that, although the total period of actual boiling 
might be less than six minutes, compared with the hours of the 
previous case, no aftergrowth whatever appeared in the pre{>aration. 
Tyndall also pointed out, and proved in some cases, that oxygen was 
an essential to the existence of micKH>rganisma. He found that 180 
minutes continuous boiling failed to sterilise a tunup infusion in the 
presence of the ordinary supply of air, but that ten minutes at 212* F. 
sufficed to produce absolute barrenness, when such heating was con- 
ducted in absence of air. Tlie production of a vacuum was found to 
be such an important factor in sterilisation that experiments were 
made to ascertain whether the total absence of oxygen would in itself 
be sufficient to effect destruction, and in so many instances was thiK 
found to be correct, that the conclusion was arrived at that, with suffi- 
ciently perfect exhaustion, all infusions would probably be sterilised.* 

The views of Tyndall, in reference to the necessity of oxygen fur the 
propagation of microbes, have since been much moditied by the 
experiments of later observers, who discovered that a snjall class (tf 
l>acteria, called "obligatory anaerobes," could only exist in the absence 
of oxygen, and that others, " facultative anaerobes," increased most in 
the presence of free oxygen, although it was possible for them to exist 
in the absence of this gas. The latter class is the larger of the two, and 

* Otmplu Rendu»t vol box., p^ 1579. 
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includes many pathogenic organisms, such as the B<icillui anihraciSf 
and the baciUiu of AiiaAie eholenL Xhere ii «lw> a third dns, 

• obligatory »robe%" to -whidi the preBence of oxygen is an absolnte 
. BfioeBsitj. The obeervatioDS of Tyndall are^ in this zespeot, not per- 

Actlj aoGoiate, althoogh it is probable that his coadttsioiis would hold 
trne for the larger xuimber of oases finr whidi disi2ifeefci<»i is reqnired, 
jBsomnch as clothing is constantly amatedt and, therefore, should, 
under ordinary conditionSi oontsin no Itring obligatory anterobea. 

The foregoing results are of the greatest importance from the prac- 
tical standpoint, as will be seen later on. They paved the way for 
further progress at the hands of Koch, Pasteur, and others.* Koch 
made his experiments on pure cultivations of (1) non-spore-bearing 
oriranisms, such as the Micrococcus jirodlgioms ; and (2) of spore- 
beariiii; kinds, such as anthrax bacilli, itc. He attempted disintVction 
by cheniic.'il agency, hot dry air, and by steam ; moreover, in all these 
cases the trials were eventually made on a suftieiently large scale, with 
bedding, Ac, to make his results of the greatest value. He confirmed, 
generally, the result of previous workers that the spores were the 
most difficult to destroy, and that, therefore, if they be devitalised, 
all bacteria will also have been rendered harmless. In dealing with 

. hot air he found that spores were only destroyed by being exposed 
at 284* F. ibr a period of three honr% but that at this temperature t 
almost all &brios which require disinfection are ahresdy injured, 
sad that the rise in temperature inside a small roll of blankets so 
exposed was not sufficient^ unless the exposure was continued Ibr a 
mudi longer period. Wlien steam at 212* F. was used as a disinfect- 
ing agent, Koch found that anthrax spores, when freely expoeedl, were 

. killed in five minntea, and that even with steam at atmospheric pres* 
sure, penetration of heat through blankets took place in about one- 

• quarter of the time necessary to secure a sufficient internal temperature 
when hot air alone was used. From the niediciil point of view, these 
experiments were most sat is fact or}-, although, owing to the crude 
nature of the apparatus used, it would appear that most, if not all, 
the articles treated were considerably moistened and in some cases 
damaged by the action of the steam. 

Hoch and Wolfhiigel', conclude that "dry heat, even continued for 
two hours at 150' C, did not always assure disinfection, although 
nothing resisted, even for a few minutes, boiling water or steam at 
100* 0.* Gaffky and LSfflerJ siimmarise their experiments as 
follows 

* MUtheilumjen auM dem K. Oe undhtUsamte, vol. i., p. 1S&. 

t See also BrU. Mtd, Jmtrn. , September 6, 1873. 

X Mitt. a. d. Xmb, O mrndk,, MM, p. aoi. | /6mI., p. 822. 
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L NoBriporo-beoxiiig baeteria oumot endnie for one tnd nAalt 
hom an «xposiire to liot air at 100* C. 

of mould am not killed by one and a-balf hom 
apoanxe to liot air 110^ to 115* C. 

8. The sporaa of faadlli are only killed by tkree honrB e g po nr e to 
hot air at 140° 0. 

Bonhoff and Foster* state that BacUhm fnh^mdong at 60* C. dies 
in one honr, at 90" C. in five minutes, and at 95° C. in one minnte. 

The eaqpariments of Dr. Klein and Dr. Parsons, as detailed in the 
Annual Report to the L<jccd Government Bonrd fur 1884, confirm very 
largely those of Koch, and they also deal with the question of practical 
disinfection in a manner that renders this work of very grent vahu'. 
The great advantages of steam over hot air were demonstrated very 
clearly, and, owing to the number and diversity of their experiments, 
they were able to show that, in some cases at all events, the action of 
steam in a suitable apparatus was not iu itself injurious to the articles 
treated. 

The wock of FlMtonr, Tyndall, lister, Koch, Panons, and others 
has, tbersfi»re^ detenniMd the faodaiiiental oonditiooB for snooessfnl 
disinlbction by heat. 

ConAtiaiif nqnind In a Siiiiiftotor*— It remains to be shown that 
the meehanic ean meet the rsqnirements of the bacteriologBBts, and, at 
the same timoi deal vith the prsctusal diflkolties that inTariaUy beset 
him during the Introdaetioa of novel machinery. The eonditions Ibr 
dry-heat disinfeotioa, so &r as temperature and duration of ei^NMitre 
are ooncerncd, liavo not been very clearly defined ; but from experi- 
ence g)tined by Dr. fiopvood at the London Fever Hospital, it may be 
gathered that an exposure of bedding to hot air at a temperature of 
250° F. for a period of nine liours is generally sufficient, and no 
material damage is caused thereby to the goods. 

The great difficulty in designing a stove to fulfil these conditions 
arises from the fact that it is almost impossible to obtain a iiniform 
equable temperature in a suflftciently large chamber. It is prolwiblo 
that exposure to air at a temperature of 260° F. for nine hours weakens 
many woollen materials, and a temperature of 280° F. distinctly dla- 
oolonrs them, whereas an error of 10* or 20* F. on the lower dde of 
2S0* renders disinfeetion by these means mofo doubtfU. The 
aUowaUo range of lemp ei atu re in a hotw disinllKtor should, there- 
fine, not ezoeed 20* F., and the mean should be about 200* F., sinee, 
aeoording to Drs. Fsrsons sod Klein, the free e g pes ur e of antfarsx 
spores to air at 249* F. Ibr one hour suiBoss for their destmetion. 

liost engineers are well aequainted with the great difficulty met 

* Bip, RtmUchmUt toL &, p. 869. 
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with in heating air to a uniform temperatare, and the proUem ia nob 
made any the easier 1^ the fiust that in snoh plaoee where hot-Mr 
maebineg are now reqnired, steam is not available for heating the air. 
If it were available, there can be little doubt bat that it would be 
employed for the aotnal disinfection without the aid of air. As » 
rule, coal and gas are the only sources of heat available for the pur- 
pose, and even then, seeing that it is merely in the smallest and most 
out of the way districts that hot-air disinfectors are permissible, tho 
first cost of the apparatus has to he kept so low that arlequate tem- 
])erature regulatin«i; Ix'cttnies almost impossible to provide for in » 
I hail il XT of the recjuisito size. It must be reiiiemberetl that although 
local conditions may make it excusabh! to erect hot-air apparatus, the 
size of the hospital or population of a district does not det<'nnine the 
capacity of the hoi chamber, for it must be large enough to contain 
the largest article that it is likely to have to disinfect (usually a double 
mattress) without being folded. In dealing with hot-air disinfection 
it becomes especially important to arrange the articles in sudi a manner 
as to reduce to a minimum the distance through which heat has to 
penetrate^ and, therefore, balky things, such as mattresses, should 
never be folded, and if several have to be treated at once, each should 
be separated fiom its neighbour by wooden strips to allow of 2-inch or 
3*inch air space. 

Seeing that mattresses should not be folded, owing to the diminution 
in penetrative effect of the heat, and frequently cannot be folded or 
l>ent without damaging their oonstouction, we can at once fix upon a 
length of 6 feet as a minimum for the chamber, or if this be not 
practicable, the diagonal should not be less than this, if, as is generally 
possible in a hot air chamber, a rectangular section can be used. <^ne 
dimension l)eing fixe<l at 0 feet as a minimum, another may be deter- 
ujined in a similar manner by the width of the mattress. In hospitals 
or })nblic institutions beds do not commonly exceed 3 feet in width, 
but private household nnittresses very commonly exceed o feet. It 
may, however, be assumed that in the future no jiublic hot-air dis- 
infectors will be erected, and that th^r very limited scope will be 
confined to small workhouses or institutions; hence, after allowing for 
a small margin, a depth of 4 feet should suffice. The depth and length 
being fixed respectively at 4 feet and 6 foet^ the width may be fixed 
according to circumstances depending on the number of mattresses or 
clothes likely to require disinfection at one time. Thus four mattresses 
each 6 inches thick would require a chamber 3 feet 6 inches wide, after 
making sufficient provision for air space between each unit. As a 
matter of fact the smallest really satisfactory hot-air disinfecting 
chamber usually erected in this country is 4 feet 6 inches long, 4 feet 
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6 inebei higli, 4 feet 6 inches wide intemslly, and in this en ofdinary 
S ftet X 6 feet mattreet nmst be pkioed diagonally. This is a very 
vnsatufaotory arrangement^ owing to the availalile space being so much 
cot np^ and also because the ends of the mattress rest actually in the 
angles of the chamber where it has been ascertained a certain quantity 
of "desd" air («.«., unchanged or stHtionary air) generally remains at 
a temperature considerably lower than the average throughout the 
closet. The latter objection is in reality one common to most dis- 
infectors of rectangular section, but if the chamber be of ample size, 
these (lead air spaces need not actually be occupied by portions of the 
charge. 

The question of air circulation through the chaiii)>er is probably one 
of very great importance, for not only does it tend to pn)inote 
uniformity of temperature by admixture of gases of different tempera^ 
tures, but also it has been found that gases in motion can be more 
readily heated by a hot surface owing to their rubbing action, and 
conversely^ that moving heated gsses can part with their heat more 
rsadily to cold surfiioes than when they are at rest In all hot-air 
stoves there ia, of course, a certain risk of OTerheating the goods, and 
in most cases they are temporarily weakened, and perhaps rendered 
brittle, immediately after their removal, although these latter drfeots 
usually disapiiear alter the articles have regained their normal 
hygrometric moiBtnre; possibly this does not occur in such disinfectora 
as have water pans exposed in the hot chambers. Precautions have 
also to be taken to damp a fire in the chamber should it occur, owing 
to the presence of lucifer matches, in spite of the fact that a careful 
attendant can always search for antl remove all such dangers from the 
ptx-kets and linings of garments, itc. The danger against fire is very 
usually guarded against by placitig some fusible links in a chain 
stretched across the interior of the chand>er, whith chain is ho con- 
nected to a damper that when broken, the latter closes tht; exit to the 
chamber, and thus the tire is automatically gradually quenched through 
lack of oxygen. The same device is also comnumly geared to close the 
gas supply, if it be a gas-heated machine ; but it must be noted the 
arrangement is one which only oomes into action alter the evil has 
arisen, and does not protect dothing from damage, but merely cheoka 
the extension of fire. Dry-heat machines are likely to be little used 
in the future, and it is, therefore, unnecessary to describe them at any 
length. Dr. Parsons' Beport of 1884 gives full particulars of the 
several types then in use. Dr. Parsons found that very few, if any, 
fulfilled all the conditions required for adequate disinfection, although 
he mentions Bradford's apparatus as being the best ooal-fired dis- 
infector, and the invention of Dr. Ransom as being a very suitable 
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gas-heated machine. The former contained an exposed dish of water 
during Dr. Parsons' experiments, whereas the latter did not; although 
there is no apparent reason why such an addition should not be made 
if found advantageous. In the Bradford apparatus, a range of 
temperature of 24° F. was found to exist throughout the chamber, the 
maximum being about 248° F. The moistening of the air was found 
to have an appreciable effect in aiding the penetration of the heat, and 
thus diminishing the period of exposure, and in Mr. Bradford's opiniori 
it also tended to preserve fabrics from injury at high temperatures. 




Fig. 1. — Bradford's Hot-Air Diunfectiog Apparatus. 

On the other hand, it is clearly difficult to so stoke a fire as to produce 
a uniform temperature in a large chamber (even opening the furnace 
door caused a drop of temperature in the chamber of 7* F.), and the 
success, or otherwise, of the process must, therefore, largely depend 
•upon the skill and attention over several hours of the person in charge. 
No experiments appear to have been made with microbes in either 
machine, so no definite proof is given that moist air at about 230° F. 
has absolute germicidal properties, if continued for two hours only. 
The construction of one form of this plant is given in Fig. 1. In Dr. 
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Bamoiii's apparatus, wJiiefa i« JieaM hj gas, the tempentee wmf be 
jHitaiiMtkally goTeraed bj sneaiis of IJm aofir well-kiiown nereorial 
TCgnlfttor, aiid m trial * farietioiii of 9* IT. -mm veoorded in the 
chamber, the miQimiiiii being 247* F. Although tibe time teken to get 
vp the Teqnudte temperatore and dieinleot ie ooniiderRble, the 
appaimtiie can be left with eafety to wofk witbont attention owing to 
the gas regulator, and, in coneeqnenoe^ the drawback is nraoh 
minimised. In this case also, a constant stream of heated air paeees 
through the machine, which, no doubt, tends to preserve nniformity of 
temperature, and perhaps acoonnts to some extent for the better 
results than cnn ho obtained in a coal-fired apparatus. 

The chief drawbacks to hot-air disinfection are, therefore, <lue to 
the slowness, and the danjjer of dainaijing the gocMls. It has also Ijeen 
found that the process otters facilities, or even encouragement, to the 
man in charge to scamp his work, for one can rarely tell by the 
appearance that articles have been disinfected or not, and so great is 
the risk of articles firing or being singed, if subject to a temperatnre 
of 350* F. fat wemwl hom, and tfan bringing the attendant into 
trouble, that, as often as not, he tikei the preoaation never to allow 
it to exceed 200* F. In one inirtanoe, at a drj-heat disin&oting 
staHon in a denielj pofmlated London district^ the attendant aotaally 
prevented the air rising aboTO 190* F. beoause ezpensee have been 
incarred in the past for the rupJaning of damaged dothing. This 
furoe has been going on for many years, and had not been altered in 
1894. Such a state of things would be ahnost impoesible if steam wero 
used, and, moreorer, there exists no such temptation, for there is no 
dmger of damaging the clothing by heat in a wall-constmcted steam 
ap|)aratus, and the required temperature is obtained independently of 
the attendant after his steam valve has once l>een opened. The 
superior L,'erniicidal and penetrative qualities of steam have already 
been referred to, and the oidy drawback to its adoption is that, unless 
proper preaiutions are taken, the steam may condense on tlie articles 
in sufficient (juantities to damage them, and to necessitate drying 
subsequent to their removal from the machine.* 

Modes of Dealing with Condensation. — This question of condensatiou 
roughly divides the several types of steam dIainlSMting apparatus into two 
fit am, viz., firstly, those in which provision Is made to prevent copious 
oondensation bj keeping the walls of the chamber at a higher tempera- 
ture than the steam inside; and, aecondly, tfaoae in which no aucb 
provisian is made^ and whidi freqamtly wewsitats, aa a eonaeqnenee, 
the anbaequient drying of goods. Each of tfaeae nlsasss mi^t be 

* 8se V. Esmareh, Mm&./. J7fv-t ^ { Oraber, QmmdhelUiiigmimir, MSB} 
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farther mibdivided into leveml others detemuned by the preesun of 
the tteem Admitted to the chamber, by the eurrenoy or otherwise of 
the stetsA in contact with goodi^ luid by the introduction or addition 
nt apparatus necessary to create a ▼acnam in the.duiniber. Spedal 
apparatoi has also from tune to time been made to overcome special 
difficulties, such an arise when heavy bales of rags or merchandise 
have to be treated in large quantities. The usual practice at home is 
to erect a iiiachine in which condenaatLon is prevented by means of a 
steam jacket or outer casing surrounding the chamber containing the 
articles to be treated, ami into which steam is admitted at a higher 
temperature than that passing sul)sequontly into tlio cl)amber. The 
walls of the chamV>er being retained thereiiy nt a liii^hcr temperature 
than the steam admitted, condensation of the latter, due to contact 
witii cold walls, is absolutely prevente<l; but it must be borne in mind 
that however valuable Washington Lyon's invention may be, it does 
not absolutely prevent oondensation on the goods themselves, which 
are cold when first admitted, and only slightly warmed on the surCftce 
by radiation from the hot sides and air convection dne to the same 
cause. There is, therefor^ an initial oondensation on the surface of most 
goods when first brought into contact with steam, and consequently 
a rise in temperature owing to the reception of the latent heat of the 
steam daring liquefaction. The fresh steam which next comes into 
contact with the goods does not condense so largely, because they are 
at a higher temperature than before ; but, nevertheless, liquefaction 
does occur, and the articles again rise in temperature. This cycle of 
operations repeats itself again and again rapidly, but finally the whole 
of the articles are at the satne temperature as the surrounding steam 
and no further condensation occurs. The influence of the jacket then 
becomes of greater importance, for it heats the steam, and no steam is 
being condensed. The consequence is th.at the steam becomes super- 
heated (the salety and reducing valves keep tlie pressure eonstnnt) and 
is always kept in cireulatit)n by the convective etlect of the sides ; the 
result is that wiiatever moisture the goods may hold is re-evaporated, 
so that they may be taken out substantially dry. It would appear, 
perhaps, from the foregoing description that many (felicate febrics 
would be damaged by even the temporary condensation at the com- 
mencement of the process; but it is found iu practice that surprisiDgly 
little injury is done ; even the colours in cheap cotton print show no 
signs of running, while delicately>iinted silk dresses are but little 
affiwted by the condensation. Some materials lose their gloss, and 
certain other woollen goods, such as new blankets, take the slightly 
yellow tinge that would generally follow a good washing ; the only 
goods which are absolutely damaged are those made of leather, or fur. 
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These latter should always be treated by dry heat, or other means, 
and the same remark generally appli«>s to varnished or glued wood- 
work, although heat of either sort when applied to finished woodwork 
almost invariably leaves a record of its application of a more or less 
serious nature. 

Time and Steam Conditioiii reqairad for Disiiifectioii.— The precise time 
required for disinfection in such a machine as has just been described 
depends on three main factors — vis., firstly, on the particular disease 
germ that it is required to kill ; secondly, on the nature and bulk of 
the articles supposed to contain the genns ; and lastly, on the steam 
pressure employed to secure penetration into the goods. It is, of 
course, impossible to say whetlici- any article contains only one species 
of microlje, and also it is very frequently found to be practically 
advantageous to treat at one o|)eration the clothing, iVrc, of patients 
suffering from so\eral distinct maladies. As it also simplifies the 
routine work of the atteudaut to have only one basis on which he may 
calculate the total time required for disinfection, the minimum time 
generally adopted should be that required ffnt the stoim to kiU the 
most persistent microbe when uufMrotected by foreign and artificial 
surroundings. According to Dr. Klein and others anthrax qwres have 
hitherto been found to be among the more persistent forms of organism 
aflEeeting human beings, and, judging from their experiments, it may 
be said that a free exposure to saturated steam, at 212' F. Ibr fifteen 
minutes, was a ])eriod in which sterilisation could be effected with 
certainty. It was found that five minutes exposure under the same 
conditions gave doubtful results, and, therefore, it is probable that 
absolutely safe disinfection cannot l>e effected with steam under less 
than ten minutes free exposure. This period was also found just 
sutiicient to kill lice and their eggs, for which purpose these machines 
are sometimes almost entirely used in such phices as workhouses. The 
germicidal effect of saturated steam at a liii,'lier pressure of, 8ay, 15 or 
20 lbs. per square inch is usually supposetl to be greater than that of 
steam at atmospheric j)ressure ; in fact, Dr. Klein considered that its 
efiicacy might be taken for granted, and, therefore, made no experi- 
ments of a similar nature by its sid. There is, however, one point to 
which attention should be drawn; steam may be either "saturated" 
or " superheated," but the germieidal influence of the two is considered 
by many to be different, although the steam is dry in both conditions, 
and either form may exist at any pressure or in the absence of water. 
These two facts are mentioned, because in the minds of some saturated 
steam is commonly associated with moisture, and superheated steam is 
confused with steam under pressure. The two forms are disttnguished 
entirely by their temperature— that is to say, steam may just exist at 
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227*95" E. under an abaolnte prswinnB of 20 Ibt. per square inch ({.<., 
indndlng atnoepheric prestare), or by adding more heat to it, its 
temperature will riae, say, to 300* F. at the same pressure altibongh 
ita volume will increaae, and in this condition it is said to be supers 
heated. In most, if not all, steam-jacketted machines the earlier 
portions of the operation must perforce be conducted with saturated 
Rteam, and in the better machines, from which the .articlpH come out 
ab.s(»lut««Iy dry, it is probable tliat tlie stoiim containeil in the cliumber 
becomes slightly superheate<l towards the end of the process. Hence, 
it matters but little in a jacketteil machine whether saturated or 
superlit at( (1 steam be the brttcr disinfecting agent, for steam may be 
used in both conditions. As a matter of fact, the ditViculty has always 
been to bring the articles out dry, and so long as they come out with 
even ^ per cent, added moisture, it is certain that the steam has never 
been entirely superheated. 

The question of steam pressure to be employed ia one whidi has 
been much debated, and at the present time thwe are machines (main^ 
on the Continent) whidi onploy steam at 1| lbs. pressure ; and others 
again working with steam at 20 lbs. pressure. Assuming, for the saka 
of atgument, that ^e higher pressure steam has no greater genuiddal 
eflfect than tiie lower (which ia not probable), it still has many im- 
portant practical advantages whidi are of great value in most oases. 
When bulky articles, such as mattresses, rolls of carpets, «&c., have to 
be treated, or when the machine must be filled so entirely that the 
air ^paee between each article almost disappears, then it is clear that 
penetration of 20 lbs. steam will take place far more rapidly than if 
this pressure be only 1 or 2 lbs. Or. again, a machine which uses 
steam at iM) ll)s. pressure maybe worked <>tl" almost any existing boiler, 
liecause ahnost all steam generators nowadays work at pressures al)ove 
that required, ami, although it is a comparatively simj)le matter to 
reduce the pressure automatically to 20 lbs., it is not nearly such an 
easy problem to reduce the pressure sufficiently so that the steam may 
be used with safety in apparatus designed to stand 1^ lbs. only. This 
difficulty may entail the erection of a qweial boiler of unusual design, 
and steam is then raised under conditions the reverse of eoonomicaL 
It is also noteworthy that condensation is more likely to take place 
when low-pressure steam ia uasd than when steam at a higher tempera- 
ture is admitted. The main objeedoB to higfappresaure apparatus ia 
that the madunes require not only greater strength, but also more 
careful design, and are consequently more costly. There are ooeasiMM, 
doubtless, when, on economical grounds only, the low-pressure machine 
is allowable; but the circamstances, even in these cases, should be 
such thaft tame isr drying artiolea ma tkwwju be allowed subaequent 
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to treatment. Although steam CMI, ai has already Ijeen shown, pene- 
trate the bulkiest article in a comparatively short time, this period 
niay, by a little nuuupulation on the part of the attendant, be very 
mMterially redoeed. In arranging the goods in tbe ofaamber, every 
cam should be taken to leave a little space between eaehof the variona 
rolls or bandies. Often a few pieees of wood or a rovgh hurdle may 
oome in very uaefnl when articles have to be piled one on. the other, 
or things can be hang ap readily so as to allow of drealation. In all 
cases it is ssftst not to permit the attendant to handle infected articlea 
more than is absolntely necessary ; therefore, bandies or rolls ought 
not to be thf>nisdvee nnpaeked, althoagh such a proceeding would 
nndoabtedly hasten the process. Again, after the chamber has been 
closed (as8umin<; it to contain balky articles), penetration may be 
greatly facilitatwl by relaxing the pressure and refilling several timea 
daring the process. Thus, if the chaniher be tilled with steam at 
20 lbs. pressure in two minutes, this steam may be allowed to remain 
st.'ignant for say tw«) minutes, and then allowed to t'sea|H». It shoukl 
iiiunetliately be refilled with steam, and perhaps five minutes later 
again allowed to escape, and so on. It is probable that this procedure 
is advantageous owing to the large amount of air retained in woollen 
and other goods, which is compressed by the steam into their centre, 
and if not allowed to distribote itself throughout the chamber by 
removal of pressore, would greatly retard penetration. It has been 
fonnd that rolls of Uankets, roUs of carpets, and compressed bales- 
are among the most difficult articles to disinfect, and in such cssea 
the precautions just referred to should most certainly be adopted. 
Maitoresaes and pillows can readily be separated one from another, bat 
if this \ye not done, considerable time may be required for these also. 
There is still one dithculty which arises when heavy charges are placed 
in the machine, and that is due to the internal condensation in the 
centre of the goods. The explanation of the causes promoting con- 
densation will have made it clear that such difficulties will be more- 
difficult to eradicate in large bundles than in small ones ; and, jis a 
matter of fact, it is generally the rule that moisture will be perceptil)le 
in the centre of a large roll in spite of the steam jacket. It is clear 
that condensation may be entirely avoided in the first place if the 
gowls l>e raised to the teniperature of the incoming steam prior to its 
admission ; but it has been shown that in dry-heat stoves it is a very 
lengthy operation if the goods be bulky. The length of time is due 
very largely to the feet that the hot air is not forced into the centre of 
the goods ; in feet, it has little more than a saifece action, and, as a 
eimaequence^ the goods usually act as a cspitsl noa-eooductor to protect 
the interior, and the cold air retained there. But if we assume that ' 
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this contained oold ftir oould be withdrawn, and the hot air tubee- 
quently forced in to take its phwe, we get a very diffwent state of 
tilings, and the heating can obviously be effiwted fiur more rapidly. 
This course is pmeticable if steam be available, for the removal of 
air and the compulsory substitution of other heated air absorbs more 
work than could be expected from an attendant if steam powor were 
not at hand, as is the case when dry-hcat disinfectors are employed. 

The whole process may be completed by merely creating a vacuum 
in the chamber and then admitting heated air at atmospheric pressure. 
It is a very siniph? matter to withdraw the bulk of the air by a simple 
steam jet arranged alter tlie fashion of the ordinary spray j)r«)ducer 
until a vacuum of 20 inches is indicated on the gaiij,'<' ; and then, if 
the clianiher be placed in communication with the atmosplifre, air is 
forced in at a pressure of al)Out 10 lbs. to the Hqtiare inch, and, in 
transit, it may bo passed through a short coil of pij'c surrounded by 
ateam at the required temperature so as to heat it to the most suitable 
degree. There are many features about this process to recommend it ; 
for, not only is it possible to regulate the temperature of the incoming 
air to a nicety, but it is also itself easy to heat» because it is constantly 
in motion, and, for the same reason, the hot air itself heats the goods 
it comes in contact with the more rapidly. If the air be passed through 
pipes heated by the direct heat of a fire^ it becomes almost impossible 
to control its temperature, and the same dangers of scordiing arise as 
were found by the use of dry heat stoves. In the class of apparatus 
described it lias been found desirable to keep the temperature of the 
incoming air to about 220* F., SO thst, when steam is admitted at 
250" F., it does not become superheated, and its germicidal influence 
is not affected. Supposing, for the sake of argument, that moisture 
still remains in goods after steaming, the presence of the vacuum and 
hot-air ap]»aratns is still of great value ; for by its aid the articles may 
be dried to any extent desirable at a far lower temperature than 
212* F. The vacuum has several other advantages fjuite apart from 
its drying (jnalities. It enabh*s the operator to remove most of the 
air from the chamber before the admission of steam ; consequently, 
the ordinary steam pressure gauge may he reixd accurately as a 
temperature gauge, neeing that the mixture of steam and air has not 
io be considered, whereas the temperature of saturated steam varies 
with its pressure. 

Also, the production of a good vacuum * prior to the admission of 

* Tbo term vacuum is not intended to imply the total absence of gases ; a sjiace 
filled with a gss, sod under a prensre equal to that of 20 laohes mercniy as 
nioanired hy tbo vaoanm gaogo, would be goaorally raferrtd to as a fairly good 
vaotram. 
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ftaam is eqnivaleDt to raising its pressure, so far as its penetratiTe 
power is oinioenied ; <x>n8equently, the rapidity with whioh bulky 
articles are didnfeoted is very mnoh increased, although the tem- 
perature at whieh they are treated remains unaltered. It thus 
beoomes possible to disinfect goods with steam at only 10 lbs. pressure 
as rapidly as with steam at 20 lbs. pressure, when no vacuum is cieated. 
Both these points are of importance, since of late years the prsotioe has 
beoome prevalent to treat very bulky things, such as rolls of carpets^ 
compressed bales, &c., and an the amount of work to be done is thus 
much increased the disinfecting chamber is commoTil y packed closely. 
Moreover, the damage done to delicate fabrics, which sometimes lose 
their gloss at 2')0° F., may be entirely avoided by disinfecting at say 
220' F., without any increase in tlio time required to secure penetra- 
tion. Altogether, the advatit;ii,'i s to be gained by the introduction of 
this inexpensive and simph» vacuum apparatus are considerable, and 
great credit is due to the inventors (Mr. J. B. Ailiott and Mr. J. M. 
C. Paton). 

Experiments on the Penetrating Power of Steam. — An idea of its 
powers may be gathered from a comparison of the following two trials. 
In p. S96 of Dr. Parson's report it is stated that a cotton rag press- 
padced bale was tested in a Washington-Lyon maehine. The dimen- 
sions of the hale were 3 feet 6 inches x 3 feet x S feet 3 inches, and 
its weight was 6 cwts. At the end of four hours a thennometer at 
its centre registered 258* F., and the increase in weight was 4*8 per 
centb Experiments were made in 1893 with a similar machine, but 
fitted with the vacuum ^paratus, on a press-packed bale of cotton rags 
weighing 5 cwts. 3 qrs. 13 lbs., and measuring 3 feet x 2 feet 4 indies 
X 4 feet 6 inches. The trial was conducted on similar lines, and every 
precaution was taken to prevent the passage of steam down the hole 
through which the thermometer had been admitted by plugt^ing it 
up with a long conical piece of wood larger in diameter than the 
hole itself. The thermometer was so arranged that when the mer- 
cury column reached a height equivalent to 220° F., an electric bell 
was rung outside the chamljer. The boll rang precisely forty-five 
minutes after the introduction of the bale to the chamber, and it was 
removed after a final drying by the vacuum and hot air after a further 
period of thirty-three miniites. The whole time taken was seventy* 
eight minutes, and the total increase in weight was less than 2*6 per 
centb The bale was again submitted to the air-drying for fifteen 
minutes, with the result that the moisture was forther reduced by 
30 per cent. » 

^e accompanying chart shows the mode of working adopted during 

this trial, althoi^^ it would probably have hastened tiie process had 

3 
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the alterations of pressure and vacuum been more frequent, and it was 
alao a mistake to have admitted tlie steam immediately on obtaining 
the firat yaouum, instead of admitting and extracting hot air prior to 
the admiaaion of the steam. The particiilar triab reilBrred to are not 
sneh as will have to be frequently repeated in public HlainliaftfeStig 
stations, bat they have been giTsn merely as indicative of the greater 
penetratlTe and drying povers of jacketted disinftetors when fitted 
with Taoanm apparatus. If bedding or ftlrtiiliwg has to be treated the 




Fig. Sl--<AwrtdiowiqgelMof vaoaamof appamtnsonthepenetra^ 

power of alesm. 



duratum of the process is considerably shorter in either form of 
apparatus I but there still remains the same advantages in &vour of 
the machine fitted with the vacuum apparatus, 

EagUdi AppantoB— WaaUngton-ljoii't Ftttent^In this countiy 
the machines mostly in use are those made under Washington-Lyon's 
patokt. This is largely owing to the far reaching nature of Mr. Lyon's 
specification, on which much litigation has taken place. Generally 
speaking these machines are made in two forms, square and oval in 
eectioD. 

The square form (until recently known as Goddard's patent, made 
by Goddard, Massey, <fe Warner, of Nottingham) is jacketted all 
round the body, in addition to the two doors. The jacket in this case 
is usually half filled with water, and is used as a boiler. The fire- 
grate is placed immediately under the body of the machine, and the 
firebrick flue (see Figs. 3 and 4) is built to travor.se the bottom, and 
thence along other flues, built around the sides of the machine, to the 
chimney. The steam pressure in the jacket (t.e., the boiler) is usually 
limited to 20 lbs., and disinfection is carried on by steam at the same 
and lower pressures. Arrangementa are alao provided for paaaing a 
current of hot air through the chamber before and after disinfection. 
The air ia heated by passing it through a pipe situated in the fomaoe 



i^ijui^ud by Google 



I 



OttlHFBCnON BY HEAT. 



36 



flue immediately under tiie diainfeokor, end thenoe into the chamber. 
The air may be dreiilafted and ezteaeted from the diamber by meane 
of a small ezhanstor. This apparatus has had a cooaiderabte sale 

owing largely to its rectangular form, and there can be little doubt 
that it disinfects adequately, and also that when properly worked there 

should be little or no moisture present in the goods subsequent to 
disinfection. Its apparent first cost is also a factor in its favour, 
although if the cost of the necessary brickwork setting and side flues 
be added to the cost of machine and erection, this advantage is more 




Fig. 3.— Seotional plan of Ooddatd ft Co.'* ■quare form of Washington-Lyoa'S 

disinfeoting ohamber. 

apparent than real Its chief disadvantages are, curiously enough, 
precisely due tu those features which are presumably advantageous. 
For instance, the square shape is to some an attraction, whereas it is 
undoubtedly a oonstmctiye weakness, and for obrions reasons the 
most suitable section Ibr a steam chamber to stand a considerable 
internal pressure would be oircnlsr. Thus this advantage has to be 
paid tor in the shape of repairs to leaky jcnnts, insurance, Ac, althong^ 
possibly, in certain cases, it may be wortii the risk. Again, the use of 
the jacket as the boiler is advantageous inasmuch as less space is 
reqidred; bnt^ on the other hand, it is an imperfect boiler, which 
cannot be got at properly for cleansing^ and is likely to be the cause of 
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miBhaps, especially at the bottom (wfaidi it not readily Mcesrible fbr 
examination), where the fire impinges directly on the flat plate, and 
gradually bums it away. The presence of jadcetted doors ia also a 
feature of tiiis madune^ although it ia doubtful if thia additional com- 
plication is necessary when the hotw apparatus is also supplied. The 
air ia heated by the action of the hot gases of the fire^ and the only 




Fig- A. — Seotum through Uudilar<l Co.'s square fdrm of Waahingtoa-I^on's 

disinft ctiijg chamber. 



precaution that has to be taken in reference to this point is to warn 
the attendant not to raise too larj^e a fire when usint^ the hot-air 
l)la.st ; for, if tliis point be not consiflered, the air may atUiin a scorch- 
ing teuiporature, and so damaj^e the contents of the chamber. 

The size of this disinfcctini^' ch;mil)cr is usually T) feet x 5 feet x 
6 feet G inches internally, ulthou^^h luachinos of smaller dimensions 
are alao made. The following experiment, made on a new machine 
in 1893, gives an idea of the working of this apparatus : — 

The fin was lightod at 10.8 a.iii., the water in the Jacket being cold, although 
the briflkwork wm still warm fironi the previoua day's work. At 11.46 sjn. the 
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ftcmm gm^bMbawd 1011m. itMin prMWira, mnd «t 12.0 noon itiadiofttod 104 lbs. 

presHore. The total time occupied for raising cfeaMD took one hoar fifty-two 
minutes, and about 1 cwt. 1 qr. of coal h.-id l>eon consumed. The door was then 
opened for the admisaion of clothing. Three minutes were occupied in opening 
and four minutes in closing the door. At 12.10 p.m. the exhauster wm set to 
work, and hot air waa drawn through tha ehaanhar unta I2.S0 pum., ten minntaa 
in all. The chamber pressure gauge reached 5 lbs. at 12.204 p.m. ; 10 lbs. at 
12.214; 15 lbs. at 12.23; 19 lbs. at 12.27 ; and 20 Iba. at 12.31. During this 
period, from 12.20 to 12.31 p.m., the jacket jtres-sure lluctuateU between 19 and 
20 lbs. At 12.23 p.m. the steam escaped freely from ona of tha doon whioh had 
pnaomaUy aUghtly apmag. This happenad agdn anhaequantly, and bad to he 
remedied by tightening the holta aeonring the doors. At 12.31 p.m. the additiou 
of feed-water to the boiler causetl the pres-sure in the chamber to fall to 17.^. lbs. 
Steam to the chamber was shut off at 12.35 p.m., and the chamber was then 
exhausted. From 12.35| p.m. to 12.44J p.m. hot air was again drawn through the 
ohamber, and the door was opened at 12.48 pjn. A oertain amoont of Taponr 
escaped through the door on opening, and some water .was firand at the bott<Mn of 
the chamber. The goods which were hung up, consisting of overalls, were fairly 
dry and not damaged. A maximum thermometer which had been exposed in 
the chamber registered '^0° F. The total process of steam raising and first 
diaiaftetion oocu|ned two hours and forty minutes, and the total fiiel used 
amounted to about 1 cwt. 2 qrs. Tha time for diainfbctioa only alter ateam haa 
been raised was forty-eight minutea. 

Dr. Whitelegge has Ijeen good enou^ to give the following figures 
relating to some trials made with this apparatu.s at Leicester in 1889. 
The process was similar to the foregoing, but tlie total time occupied 
was only twcnty-scvon ininutos, which, apparently, was too little to 
secure penetration. J'he followini^ are his results : — 

When removed after disinfection, a horsehair pillow, weighing originally 2 lbs. 
84 ozs., was increased 1| oza. in weight ; it was damp inside but dry on cooling. 
The thanDometer in centre indicated 241* F. A flock pillow was increased only 
i OB., the initial weight heing S Ibt. 84 on. This was alao damp inaide, bnt diy 
on cooling. The thermometer at centre showed 234° P. 

Tliree blankets, each folded into 16, piled one alwve the othur on the (loor, 
were wet at centre and bottom even on cooling, and the thermometer at centre 
fadioated 168* F. Dr. Whitel^^ge alao took the temperature of the chamber at 
diflennt parte when the hot air only waa admitted. 

Tamperatoia in hot-air inlet, touching tha pipe, was . . . 289° F. 
„ on pillow 1 ft. from inla^ . . . 252° F. 

,, on floor near inlet, ,, . . . 247^ F. 

The temperatuie m chamber due to radiation and convection only, with and 
without air current, was as follows:— 

The middle of floor after 15 mina =239° P., or after 5 mina. with «gector cmly 237* F. 

roof „ s946'F., „ „ WF. 

Tlic roof near door „ s239'F., „ „ „ 246° P. 
The floor „ „ sS4rF., „ „ „ *ZiVF, 

The other fomi of disinfector generally used in this country is that 
originally known aa WashingtoorLyon's, and ia made by Manlove, 
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Alliott & Co., Ltd., Nottingham. The leading points of difference 
between this and that made by Groddard & Massey are (1) that the 
boiler, except in the locomotive type, is usually kept distinct and 
separate from the disinfector, and (2) that the section is usually oval 
or round. As made during the past two years, the vacuum apparatus 
invented by Messrs. Alliott <t Paton has generally been added, which 
is in itself a distinctive feature, although only of recent introduction. 
In Fig. 6 we show one of this firm's disinfectors of the ol<l type, and 
in Fig. 6 the same fitted with Alliott Jc Paton's patent vacuum 
apparatus. Fig. 7 shows a portable steam disinfector for purifying 
wearing apparel and bedding in rural sanitary districts. This machine 
has a circular chamber feet lonrj and 2^ feet diameter. The larger 




Fig. 5. — Maulove & Co. 'a form of Lyou's disinfector (old type). 



form shown in Fig, 8 has a chamber 7 feet x 4 feet 2 inches x 2 feet 
7 inches, and is fitted with the vacuum apparatus. 

With this cla.ss of apparatus, a special boiler is, of course, not 
necessary when steam can otherwise be obtained. The pressure 
in the steam jacket is maintained at 32 lbs. per square inch, but 
the boiler pressure may be anything above this, as steam entering 
the jacket is automatically reduced to the required pressure. In the 
chamber, the steam pressure is maintained (also automatically) at 
22 lbs. In apparatus not fitted with the vacuum arrangement, the 
pressures in jacket and chamber are usually 25 lbs. and 20 lbs. 
respectively. The higher pressure in the first case is found more 
convenient for the double purpose of air heating and extraction. 
This machine when fitted with the vacuum apparatus, may also be 
used as an efficient dry heat disinfector, since hot air is admitted into 
a partial vacuum, which, in other words, is equivalent to working with 
hot air under pressure. The air is heated by passing it through pipes 
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surrounded by steam at a constant temperature, and the danger of 
scorching is thereby obviated. The larger sizes of the machine are 




Fig. 6. — Manlove &, Co.'s form of Lyon's diBinfector fitted with 
a vacuam apparatus. 




Fig. 7. — Portable steam disinfector (Manlove & Co.). 

usually oval in section, and the smaller sizes round. This is presumably 
with the object of obtaining greater strength and durability, and in 
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the oval form the largest articles can be disinfected without great 
expenditure of ground space. The separate boiler admits of ample 
inspection in the ordinary ways, and, if erected at the same time as the 
disinfector, contains, in the most recent designs, arrangements for 
burning the whole of the gases exhausted from the disinfection chamber 
before passing them into the atmosphere. The best mode of working 
this apparatus under ordinary conditions is to admit a current of hot 
air for a few minutes, then obtain a vacuum, and break it with steam 
at 20 lbs. pressure. The steam having done its work of disinfection is 
discharged, a vacuum is again obtained, and a current of hot air 




Fig. 8. — larger form of portable steam disinfector with vacuum apparatus 

(Man love & Co.). 

completes the process. In the experiments on a medium size machine, 
details of which are given below, this course was not closely followed, 
as it is the best only when the machine is very full, or the articles 
are bulky. 

KxPKBiM«NTs ON A Washthoton-Lyon's Patent Steam Disinfkctor wrrn 
FITTED with Alliott & Paton's Patent Vacdum Appa&atus. 

No. 1. — Charge, 4 mattresses and 4 pillows. Weight before disinfection = 



109 Ibe. 1 oz. 

11.30 a.m. doors closed. 

11.32 vacuum 16* broken by hot air. 

11.34i „ 0 

11.364 M ,. 15" »> 

11.39 „ 0 

11.41 „ 15" „ steam. 

11.43 ,, 0 

11.47 steam 15" maintained till 11.50 a.m. 

11.52 „ 0 

11.55 vacuum 11" broken by hot air. 

11.57 „ 0 
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ll.fi8 vaenam Iff brokia hy hot air. 

12.0 noon 0 

12.24 pm. „ !«• n t> 

12.4i „ 0 

12.6} „ 18* dreaktioD by hot air bflgnn. 

».» f. icr „ „ 

IS»12 0 doow opwwd. 

Total time — 42 minutes. 

Total increase iii weight — 1 oz., or 0 0.") |)er cent. 

No. 2. — Two blankets fresh from tlie laundrj- wringing machine were next put 
in the diainfector. One blanket contained a large amount of soap, and it was 
ttotioMbl* that this one took £ar kiQger to dry than the one whioh was odiii> 
paratively free from soap. 

Before disinfection, the total weight was ISJ lbs. After 50 minutes one blanket 
wa.s nearly dry, and weighed 3 lbs. 3 OZ8. The Boapy blanket weighed 4 Ibe. 2 oat., 
and was jwrceptibly moist. 

The two^ ttierefere, weighed 7 lbs. 5 on., or a redueHon in wei|^t of M 
per cent. 

These blunkets were then put Wk into the machine and oomplotelly driedy tluir 
total weight in that condition Wing about GJ lbs. 

No. 3. — Subsct^ucutly, a charge of bedding was treated, oonaiating of blankets, 
pUknra, aheeli, fte. 

The total weight bslbre traatment wai 29| \h». 

„ after „ 2B „ 

Total time - .35 minutes. 

DimimUion in weight = 1 lb. 6 oza., or 4^ per cent. 
In none of the foregoing experiments were the articles in any way damaged. 

Dr. Whiteleggo also niarlo Rome exp«!rirn(nits on tliis form of machine 
in 1889, wlien it was not litted with tlie vacuum apparatus. Pormig- 
sion has kindly been given to refer to them here, but space does not 
allow of their being dealt with as fully as they defierve : — 

Steam was admitted to the jacket at 10 lbs., but the steam entered the chamber 
at a pressure of ."> lbs. only. A th»*rtiif)nii't<T was plaoe<l inside one of the bulky 
articles to be treated, and so conuuctud a.s to ring an electric bell outside when 
a tampenitiire of aboat 220* F. was readied. 

The door was oloeed at 12L8S. 

Steam was turne^l on at 12.37. 

5 lbs. pressure in chamber at 12. .38. 

Bell rang 12.53| (the bell ceased in 2U seconds u|)ou uitcrmitting the pressure 
immediately after thia). 
Steam was ahnt oifat 12.56. 

Door slightly opened to facilitate drying at 1.0. , 

Door opened wide, dry air inside, l.H. 

(a) Horse-hair pillow (2 lbs. 7i ozs.) weighed 2 lbs. 9i ozs., and was damp in 
esntny bnt diy on oooling. The eteotrio thermometer at centre rang in 10 
ninntaa, and eocieeled readiag gave 288* F. 

(b) A flock pillow (3 lbs. 6 J ozs.) weighed 3 lbs. 9 ozs. (?), and waa damp in 
cantre, bnt dry on oooling. The corrected temperatare was 219** F. 
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(c) Blue Sazmy flannel ^ |^ Afterwards meMored ^ x and WM 
•lightly yellow, but not felted, 

(d) White, onthriiikAble flannel x meaiored afterwaida ^ x 

This also was slightly yellow, but was not foiled. 

(e) Six Bam]ilc8 of coloured silk, pleated, were unchanged, except that the dark 
green became wet and black. These had been placed near the door. 

(/) Ihick book {C km rdkil F § JHrtetar^) aa floor wae ooci iiMid>, ThorBometer 
ptftoed anoofwed in othor porta of machlno ahowod tompanlorM mying hom 
228" P. to 8M* P. 



A ItartlMr oiporiiiMBt woo tiion nodo oo foUowing lioM :— 
Door was shot at 1.21 p.iii. 

Steam admitted 1.2*2. 

Foil steam pressure attained in chamber (5 iba.) 1.23. 
Plwoanre was intermitted at 1.31. 
BoUrongot 1.2S. 

(a) Two blankoto, eodi folded into aixteon lay«n, loid ono abovo tlio ofelNT on 

the wooden floor, were damp on removal, and dry on cooling. 

The electric therinonieter at centre— i.e., with sixteen layers of cover — showed a 
corrected teinjK.>rature of 228* F. The bell rang in 12 minutes. 

Another experim* nt w iia made with low-proHaore steamt with ^ lb. pressure in 
both chamber and jacket. 
Door WM doood «t 2.17. 
Stoon ftt i Ibk prewnre in duunber »t 2.90. 

Bell rang at 2.37. 

(a) Two blankets arranj^ed m before were wet, but became iininediatcly dry on 
shaking. The bell rang in 17 minuter, and the thermometer sliuwed a tempera* 
ten of 214* P. 

(5) Hor>e*hoir pUIovr oum oot otaomiag^ and fhorauMnetor i ndio at ed 216^ F. 

at centre. 

(r) A flock pillow came out steaming, and the thermometer at centre indioated 

213° F. 

It is noteworthy in Dr. Whitelegge's experiments, that when steam 
at 5 lbs. pressure was used the thermometer at centre of blanketa 
registered 228° F. in twelve minute's, and that when steam at ^ lb, 
pressure was used tlu> thermometer, under apparently identical 
conditions, indicated only 214° F. after seventeen minutes, and also in 
the latter cas<! pillow.s wi re taken out steaming. Although the types 
of disinfecting apparatus described are not absolutely the only ones used 
in this country, probably more than three-fourths of those erected in 
the past ten years have been of these types. 



TYPES OF DISINFECTORS USED ON THE CONTINENT. 

1. Austria — Thursfield's Apparatos. — On the Oontinent, seveial 
fbreign designs have been extensively used, and some of these tan 
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occasionally to be met with in this country. Fig. 9 represents a 
portable form of a]>p<iratU8 U8e<l to some extent in Austria, and 




Fig. 9. — Thursfield's portable disinfector (large). 

designed by Mr. Thursfield, of Vienna, It is, in the modem patterns, 
usually circular in section and jacketted ; the jacket is partially filled 
with water, and acts as a boiler 
with the fire underneath. The 
boiler is open to the atmosphere, 
and, therefore, when steam is ad- 
mitted to the chamber it is only 
at 212' F. A continuous current 
of steam is kept passing through 
the chamber, and as the latter is 
jacketted by the boiler casing, con- 
densation is largely minimised, and 
the inventor states that clothing 
removed after treatment is only 
slightly damp. After each disin- 
fection the boiler is partially refilled 
with cold water, and, consequently, 
ebullition ceases for a time. It is 
stated that the boiler contains 20 
gallons of water, and can generate 
steam in twenty-five minutes from water at 50° F. ; the total time 
required for one disinfection is said to be sixty-eight minutes. 




Fig. 10. — TbursHeld's imrtable 
diainfector (small). 



ft. ^ 
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Maarimwin thermometen plaoed intiile different artielet registered 
218* F. The oolunimption of fiiel during the above trial was said 

to hav(> IxM'ti oTiIy 7 Ibfl. wood and 19 Ihs. of coaL A smaller fbrm 
of the Thurslield disinfector is shown in Fig. 10. 

2. France— The Equifex Stove.— A common type of apparatus in 
France is that made by Geneste, Herscher & Co., of Paris. Thia 

machine is pxtornally not unlike tlioR«» of Washington-Lyon, although 
its construction is material ly (litierent, inasmuch as there exists no 
steam jacket, and only coinjiaratively low-pressure steam is emjiloyed. 
It is made in several sizes and types, which may be briedy described 
as follows : — 

(1) It is a lixed machine working witlj steam at from 7 lbs. to 
10 lbs. per square inch ; consequently the maximum temperature to 
which the infected articles are exposed is from 230' F. to 240' F. 
The large size is commonly 6 ft. diameter and 13 ft 6 in. long, 
inside of which are two sets of steam-pipe coils. Each set consists 
of eleven pipes mnning the whole length of the machine^ one being 
placed at the top, the other at the bottom of the chamber. These 
coils are so arranged for drying purposes, and to prevent condensa- 
tion. Arrangements are made to enable the air to escape throng^ 
a pipe at the bottom of the disin&ctor pending the admission of steam, 
with which the disinfecting; process is commenced. When tlio jiressure 
has reached 7 lbs. to 10 lbs., the steam is exhausted and a fresh quan* 
tity admitted. In this way the inventors claim that sufficient pene- 
tration is secured without the aid of steam at a higher pressure, and 
also that it is only necessary that steam at 10 lbs. be actually in 
contact with the <;oods for not less than fifteen to seventeen minutes, 
in addition Ut the time t^iken in fdling and exhausting the chamber, 
which should be clone not less than three times during the operation. 
Before the gootls are taken out it is recommended that they be left 
in the closed machine for some time to dry, although the precise time 
taken by this piYMess is not clear. 

(2) Messrs. Gtoneste^ Herscher & Ga also make a type to work nt 
from 2 lbs. to 5 lbs. pressure with current steam. In this machine 
the temperature to which the goods are exposed does not ezoeed 
217* F. to 223* F. The inventors make a point of bringing the 
steam into the chamber at the top and extracting it at the bottom, 
and say that the air in the chamber is thereby effectively driven 
fimn the chamber. The steam j)ressure in the case of this machine 
is too low to make the relaxation and renewal of pressure of 
any benefit to penetration. The steam is only nominally current" 
because the outlet is governed by a modified form of reducing valve. 
A feature of the apparatus is that the two doors are so interlocked 
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that it is impouible to have the two doors open at the same time, but 
otherwise the arrangementa of this type are similar to those in the 
other. Tn Fig. 1 1 we give an illustration of an Egoifex horiaontal 

stove workini^ with confined ateain. 

The disinfecting chamber, A, is a wrou)iht-iron cylinder without jacket or other 
means of superheating the steam, but lagged with wood and coated with a non- 
ooodacting conipoaitioii. The itove wnally paseee throagh a partition, B, te 
MparatethainfeotedobieetefiramtfaediaiiifiBeM Hie doon, C, D, are fitted with 
aa arrangement making it impossible for both toopeDat the same time, and an 
sectircd by nuts, E, lockint; into solid steel recesses, P, on the door. A row 
of steam tabes runs longitudinally inside the stove for warming the stove 
before and during disinfections, and for heating the air which is used in the 
mbseqnent drying of thiek objeets. The eteui b led to tha stove by a pipe, G, 
from the boiler, and, after traversing a separator, H, passee throQgh the reducing 
valves, 1, K, and safety valves, L, M, to the stove and tubes respectively. When the 
desired pressure is reached in the tubes, as shown by the gauge, N, steam begins 
to escape through the safety valve, M, and the attendant then regulates the pree* 
mre by the redoeiag valve, K. The stove, having thm been wanned, is disirged 
with the objects, 0, to be disinfoeled, which arc loaded in the ordinary way on to 
a wheeled carriage, P, running on rails within the stove, and on hinged rails, Q, 
outside. The door is then closed, and locked with the safety nuts, £, and the 
valve, I, is opened, allowing steam to pass through the safety valve, L, into the 
bo^ of the stove. The steam enters the stove through sa iatemat epaigs-pipe 
fitted longitudinally inside it towards the top, and famished throughout its length 
with a screen to assist in tlx' thorough projection of the steam to all jjarts of the 
stove. The steam is at tirst allowed to e8ca]>e through the air discharge pipe, R, 
and carries with it the air from the stove. The discharge pipe, E, is tilted with 
a tiMnnometer, 8. When the air is ejected, the meroory win rapidly rise to 19S* 
to 808^ F., at which point the valve, T, controlling the pipe, R, is closed. The 
steam continues to enter the .stove throu^'h the valve, I, till it reaches a pressure 
of 1011)8. j>er 8«|uare inch, as marked on the gauge, U, when it escapes through 
the safety valve, L, until the attendant has regulated the pressure by the 
redndng valve, L A film of water is fonned throughmit tiie porse of the 
object under a pressure just sufficient to keep it firom evaporating. Advaatsge 
is taken of this fact to get rid of the air secreted originally in the pores of 
the object by shutting ofiF steiun occasionally (say every live minutes) by 
means of the valve, I, and opening the sluice valve, \. The sudden reduction of 
pressure so effected oaosse a sudden re>evaporation of the condensed steam in the 
objects ; so what was water in the pores expands into steam of some sixteSB 
hundred times its volume, sweeping out before it the air from the pores. To 
aasi.st this process the stove is fitted with a pneumatic exhau.st, operated without 
any moving parts by the steam pressure. For this purpose a jet of sto&m is 
allowed, by means of the valve, W, to pass up an aspirator or ejeetor fitted ia tiie 
steam discharge pipe, X, so automatically sucking out both the steam and the air 
ejected from the pores, and producing a partial vacuum under whicli tlio vajxirisa- 
tion of the steam and the ejection of the air is completed. With olijects of 
ordinary thickness disinfection is complete in fifteen to seventeen minutes. 
Steam is then let off as before ; aad on the dow being opened, all objeeti sueh 
as blankets, clothes, fto., are taken out and shaken, when they will be fonad to 
be perfectly dry. Mattresses and thicker objects are replaced ia the itova for 
five minutes icx the aspirator to withdraw the steam. 
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8. Dennuurk— Beck's i^pafatas.— In DenmMrk, Mr. A. B. Beok, of 
Oopenhagen, has deogned an appantiu which wiaie fimtiirM of 

novelty ; but, like moet of the foreign appuatoe, it doe* not aim at so 
mooh as those of Rnglish design, and he is oontent to disinfect '* in raoh 
a manner that things would be spoiled by steam as little as possible." 
The inventor attributes the presence of moisture in goods almost 
entirely to the inrush of cold in the j^resence of Tspour, and his 
improvements aro directed towards diminishing this evil. After the 
goods have been steamed (at about H lbs. pressure), a spray of water 
is injected at the top of the chamber in such a way as not to impinge 
on the clothes, and, gimoltaneouAlji a large air valve is opened at the 




Fig. 12.— Reck** •teamdisiiifector(tnnsv«rae section). 

bottom. It is daimed that the steam contained in the chamber rises 
to the top^ is condensed by the cold water spraj, and the momentary 
partial Tscniun so produced is re-occupied by air rushing in at the 

bottom of the chamber. In this way the whole of the vapour is con- 
densed and carried away with the water, and when the chamber door 
is opened cold air only is present. The main difficulty of condensation 
on the clothes during disinfsotion due to radiation, and their own low 
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teiB|wni*iii«» u not dealt with in maj way, either bj ateun jaoketting 
or prelimiiiMj heatiiig bj hot sir. 

In Figs. 12 and 13 we show two seotioiial views of Rec^'e appsnitng, 

Dr. Reid has lately tested this form of disinfeotor, aind hM reported 
fiftyourably upon it to the Stafford Oounty Oouncil. 

4. Qennanj — Sohimmers and Bndenberg's Apparatns.— A disinfecting 
apparatui largely need in Germany is that made by Oaoar Schiminel» 




Fig. IS.— Rede's steam dlnaftetor (kngitiidiiMl seotaon). 

of Chemnitz. Thert; is nothing very striking in its design, and pro- 
bably the explanation of its extensive use may be found in the fikct 
that it was one of the first to be placed on the market. The ehuma 
made are, broadly speaking, three. "Fivst the clothes are warmed by 
hot air to a temperature of 60* 0.; secondly, they are steamed bj 
current steam at atmospheric pressure ; and lastly, they are partially 
dried, and aired again by warm air. No pretence is made that the 
articles come out perfectly dry, or that the process is a rapid one, bat 
it is justifiably claimed that articles which are not too bulky are 
disinfected, and also that the first cost of the apparatoa is moderate. 
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Fig. 14 bIiowb a imall wtioil Ijpe with steMn-gmratmg appamtns 
and Are beneath. Steam riaes ronnd the ehamber inwhicfa the clothes 
are aitaated, and enters at the top and leases at the bottom, while 
condensed steam returns to the bmling apparatus. Great care would 
have to be exercised to see that water noTer ran short in tho domed 
bottom, Ibr it is very small in qnantttgr, and would need frequent 




Fig. 14. — 8<diiiiiin«l*i Tertiosl steem dfaiiileetor. 



replenishing by hand through the funnel. When a charge has Ijeen 
disinfected, the fire has to be drawn in order that steam may be pre- 
vented from passing into the chamber. To obtain air circulation, a 
small door is removed in the crown, and, the exhaust pipe being slso 
open, a certain air cironlation is obtained owing to the heat retained in 
the clothing and walls cf the chamber. 

In the larger sise shown in Fig. 15, which is oval in section, more 
elaborate arrangements are provided for air heating Ac, and steam 
has to be obtained from a separate boiler. The gilled pipes at the 
bottom are filled with steam at boiler pressnre, and thus to some 
extent thej check condensation in the chamber when steam at atmo- 
spheric pressure is admitted. Air drcnlation is again obtaine<l entirely 

by the crude method of opening a small door at the bottom uf the 

4 
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chamber close to the gill pipes, and allowing it to rise and escape at 
the top by the exhaust pipe. Machines of this type have been at 
work in Berlin for about ten years. In the larger apparatus it is 
usual to admit current steam to the chamber at about 1^ lbs. pressure. 
It is necessary when working the apparatus, first to warm it up by 
hot air for not less than thirty minutes, and then, after putting in the 
goods, to again warm them for thirty minutes or thereabouts. Steam- 
ing is said to take about thirty minutes (although this must surely 
depend largely on the articles Ijeing treated), and the final drying 
occupies another fifteen minutes. The whole process, including load- 
ing and unloading the truck, should, therefore, mean an expenditure 
of time amounting to nearly two hours ; and, even when taken out, 
the articles are supposed to undergo a further process in an ordinary 
drying closet. 




Fig. — Budeuberg's steaui diiiiDfectiiig apparatus. 

The general arrangements of Schimmel and Genesto Herscher's 
apparatus all bear a considerable resemblance the one to the other, 
and it is difficult to see how the actual work done by the various 
designs should be very different in result. It is, therefore, to the 
credit of Herr Oscar Schimmel that he should almost alone admit the 
weaknesses of his apparatus, and at the same time give financial 
reasons as a valid excuse. The apparatus of W. Budenberg, of 
Dortmund, works at about 3 lbs. pressure, and is very similar to that 
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of Geaeste Heracher's (Fig. 16). It has been cwefolly studied by 
Dr. Hahn.* 

United States.— In the United States the apparatus of Qeo. V. 
M*Lautlin k Oo., of Boston, is used to some extent^ as is also that of 

Washington-Lyons. M'Lautlin's machine bears * V9ty close resem- 
blance to Geneste Herscher's apparatus, the only appreciable difference 
being that it is built in an apparently more substantial manner to 
enable it to work with steam at a pressure exceeding 10 lbs. Generally 
speaking, disinfecting apparatus on the Continent is built with rather 
a different object in view to that whioli ()l)tain8 in this country. It is 
not regarded as essential for the clotlies to come out absolutely dry ; 
and if they have to be <iried by .sumo other means after treatment, 
tliat is not considered prejudicial to the machine. 

Time, also, is not valued to the same extent as in this eonntry, 
whereas first oost is a matter of the greatest importance. As a 
oonaeqaoMie, a dieaper machine is produced, which disinfects at the 
expense of wetting Uie goods after a more prolonged exposnra These 
oonditaons do not obtain generally in this country, for frequently, 
owing largely to recent regulation^ the whole of the dothing and 
bedding of a fiunily have to be disinfected and letumad ready for use 
within one or two hours, whilst the family is housed «t the public 
expense pending the chemical disinfection of their own room. The 
public sentiment is also in favour of purchasing things of the most 
durable nature, in spite of the fact that their first cost may be greater. 
Lastly, the use of low-pressure stoam is not largely favoured, because 
very bulky articles, such as bales, cannot be disinfected in machines 
using it; whereas, high-pressure machines can not only deal with the 
bulkiest articles, but can always, if desirable, be used with low-pressure 
steam with equal efficiency. 

It is probably for these reasons that low-pressure disinfectors have 
been tried, and very largely abandoned at home. 

PUBLIC INSTALLATIONS. 

Plan of a Disinfector House.— The main point which has not yet 
been dealt with in this chapter is the arrangement of building and 
appurtenances requisite for a public installation. Owing to the 
courtesy of Mr. Rowland Plumbe, F.R.LB.A., of London, the 
drawings of the disinfector house and incinerator at present being 
erected for the Vestry of St. Mary's, Newington, are shown in the 
plate opposite. The particular arrangement is not one which must 
be followed in every instance, fur each case has to be treated on its 

* DtKUeL Mtdir. Woekamh,, 1890, No. 12. 
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merits, and this building has had to be adapted to its environments. 
It is, however, a fairly representative installation, arranged with 
considerable care, and is complete, with the exception that the plan 
does not show the sheds for the infected and disinfected vans or 
hand carts, which have been subsequently erected. 

The main feature of a disinfector house is that there shall be two 
rooms ; one permanently kept for infected goods, and the other for 
disinfected goods. The machine is built in the wall dividing the two 
rooms, and is fitted with two doors, one door opening into each room. 
These doors should never be open at the same time, and there should 
be no direct inter communication whatever. Two men should be 
provided to work the apparatus, one of whom should have his dutien 
confined to the infected side, and the other to the disinfected side of 
the ap))aratus. Generally, one man only is told off to look after the 




Fig. 17. — Dr. Sergeant's incinerator. 

infected side, where the boiler and things that require attention are 
placed, and he signals or shouts to some man engaged on other work 
when goods have to be moved from the machine into the disinfected 
room. The incinerator is no essential part of the disinfection, but is, 
nevertheless, sometimes put on the same site for the purpose of 
destroying by fire bedding or clothing that is not worth disinfecting. 
For instance, it sometimes happens that the mattress of cholera 
patients are purposely of the commonest description, and only fit to 
bum. They can only be burned in very carefully constructed furnaces, 
fitted with a secondary fire to destroy the objectionable products of 
combustion ; otherwise, the process might become a nuisance and 
danger to the neighbours. They are also useful for getting rid of 
condemned meat, offal, excreta, Ac. A figure of Dr. Sergeant's 
incinerator, which is the one adopted at Newington, is shown in Fig. 
17. At Newington, the same chimney is used for both the disinfector 
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merits, and this building has had to be adapted to its environments. 
It is, however, a fairly representative installation, arranged with 
considerable care, and is complete, with the exception that the plan 
does not show the sheds for the infected and disinfected vans or 
hand carts, whii li have been sub.s<itjuently erected. 

The main feature of a disinfector house is that then; shall be two 
ffooms; one pennanently kept for infeotad goods, and tlic other for 
diiuilSBeted goods. The maehine is Vnilt in the well diWdiiig the two 
Toom^ and is fitted with two doon, <me door opening into eedi room* 
These doors should never he open et the same time^ and thers should 
be no direct inter'Oommnnioation whatever. Two men shonld be 
provided to work the apparatus, one of whom shonld have his duties 
confined to the infected side, and the other to the disinliMted side of 
the apparatus. OeneraUy, one man only is told off to look after the 




Fig. 17.— Dr. SexgMuVs indnenitor. 

infteted side, where tiie boiler and things that require attention are 
placed, and he signals or shouts to some man engaged on other work 
when goods have to be moved from the machine into the disinfected 
room. The incinerator is no essential part of the disinfection, but is, 
nevertheless, sometimes put on the same site for the purpose of 
destroying by fire bedding or clothing that is not worth disinfecting. 
For instMic^ it sometimes happens that the mattress of cholera 
patients are purposely of the commonest description, and only fit to 
burn. They can only be burned in very carefully constructed furnaces, 
fitted with a secondary fire to destroy the objectionable products of 
combustion ; otherwise the process might become a nuisance and 
danger to the neighbourx. They are also useful for getting rid of 
condemned meat, offal, excreta, itc. A ligure of Dr. Sergeant's 
incinerator, which is the one adopted at Newington, is shown in Fig. 
17. At NewingtoD, the same cliimney is used for both the disinfector 
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boiler wad ineiiMnitof, but othwwiae the two depertmente ere kept 
dUtanet The minor points to be attended to in the building fbr » 
diiinfector require also some oareb The floor should be of some smooth, 
hard material, suoh as oement, laid with a fidl towards a drain ; and 
arrsngements should be provided for swilling out the two rooms very 
thoroughly by fixing a small hose to taps in eitlier room. All internal 
angles should be rounded, so as to permit of ready cleansing ; and 
slate and iron should be used where possible in preference to wood for 
the racks and fittings. Good washing accommodation and w.c. should 
also 1)6 provided for the attendant, and special overalls should be given 
him for wear whenever at work in the building. These overalls should 
be disinfected before allowing theiu to go to the laundry. Considerable 
attention should be j)aid to the ventilation of both rooms, as in summer 
the radiated heat from the boiler and machine is apt to be oppressive. 
The lighting should also be ample and well diffused, for thi.s encourages 
cleanliness. 

Uottod StaftSB^For the Marine Hospital Service of the U.S. 
Ctovemment at the modem stations plant has been provided for 
disinfecting by heat, by fumes, and by chemioaUk The arrangements 
have been described by W. H. Francis of Philadelphia,* and are 
shown in Figs. 18 and 19. The diainfectors are two rectangular 
steam-jaoketted chambers 16 feet long, with steam-tight doors opening 
at each end. The chambers are constructed of an inner and outer 
steel shell, 2^ inches apart, cast-iron end frames, intermediate truss 
bands, and of screw stay-bolt construction. The doors have concave 
steel plates riveted to cast angle frames fitted with heavy rubber 
gaskets, they are handled by convenient eranes, and drawn tight by 
urop-gorged steel eye-bolts, swinging in and out of slots in the door 
frames. The chambers, therefore, act as di-ying ovens, the articles 
l»eing heated before the admission of the steam, and thoroughly dried 
after the steam has been exhausted. A vacuum of 15-20 inches can 
be prodiiced in the chamber before the admission of the steam, and 
any pressures up to 15 lbs. (260* F.) can be obtained. 

For fumigating at this station, 3 lbs. of sulphur per 1,000 cubic feet 
of air space are employed, and for disinfecting wi^ liquids, mercuric 
chloride (1 : 1,000), carbolic add, and chloride of lime, are at present 
used. 

* Proe, dm, Soe, M%eh, Xiigijmn, vol, zv. 
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CHAPTER rv. 

OHXKZOAZi DZ8IN7BCTAHTB. 

TBS NON METAXililC SUBMENTS AND THEIR DERIVATIVIia 

The halogens— Chlorine, chlorides, hypochlorites, chlorates —Bromine, bromides — 
Iodine, iodine trichloride, iodic and periodic acids and perio^latcfl —Fumigation 
— Flaorine, fluorides, silicofloorides — Chloroform, bromoform, iodoform — 
Organic haloid compounds. 

THX HALOOSN8 AMD TKBZB GOXFOUMDS. 

CbtorillA. — ^About the year 1800, Onyton de Morveau in France, and 
OnillahaDk in Enghuid, propoMd the use of cblorme ai a cUainfeotant 
Oinikahank suggested the following method of prooediue : — ** 2 pta. 
eomrnon aalt, and 1 pt powdered mangaaeia^ with 1 p& water and 
) pt. anlphiiric aeid gradnally added, is sufficient for five or aix beda.** 
A aimllar method of generating chlorine is to gently warm one part 
of manganeae dioxide in a granular form with four parts of concentrated 
hydrochloric acid (5 grms. MnOj and 20 grma. HCl give 1 litre of 01 ; 
I 01. of MnOj is abundance for a large room).* Letheby recommended 
one teaspoonful of powdered manganese and half a capful of strong 
•crude hydrochloric acid, mixed by d^^reea by stirring in a saucer set 
on a hot brick. 

It should be remembered thiit ihv cnule acid contains arsenic, 
■which would be cvoK ed as the intensely poisonous arsenious chloride j 
iience, at a little additional expense, pure acid only should be employed. 

Each of these methods requires heat, which |iresents great difficulties 
in application. Usually, therefore, the chlorine is evolvctl from chloride 
of lime by the action of moderately diluted sulphuric or hydrochloric 
acid. It has been stated t that 1 part bleaching powder with 2 parts 
of sulphuric add of specific gravity 1*53, and enough water to eovar 
the powder, evolved three timea as much chlorine as when hydro> 
chloric is used. This may be due to the heat generated by the 
iolphuriG acid, as the amounts yielded are theoretically the same, 
as the following equations show 

CkOtO + HtSOf s GbSOf •¥ Bfi + Of. 

CtClsO 4- SBd s CaClt + H«0 -I- Of. 
If the insoluble and, therefore, solid sulphate of lime keeps bade less 
chlorine than does the deliquescent calcium chloride^ the didforenoe in 
the yield might be explained. 

* Bddaidtk IMtAwtfoaimiMel, p. 6S. f LtmMt, 1988, if, llO, 
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Dr. Mehlbauflen * of Berlin med 600 grammes of luchroiiuite of 
potash and 3 kilos, of pure hydrochloric add, of specific gravity 1*16, 
tar generating chlorine. These weights yield on wanning 130*6 litres 
(406 grms.) of chlorine. He traced a somewhat greater mcAsnity to the 
gas than wh«i prepared hy the ordinary processes ; this may, perhaps, 
be due to some chromyl chloride (CrO fi\^ erclved in addition. The 
cost of this method prevents it from being generally employed. 

Chlorine has three possible modes of action : — 

1. It may replace hydrogen in the organic substances, forming 
innocuous compounds and poisoning the bacteria. Such action would 
be slow, would scarcely occur at all except in sunlight, but yet would 
be the only possible action on dry matter. It may account for the 
antiseptic action of chlorine, aa distinguished from its disinfecting 
power; the latter has l>een questioned, but the experiments of Baxter 
and Sternberg on dried vaccine lympii seem to be conclusive. 

2. The offensive gases of putrefaction are decomposed by chlorine ; 
sulphuretted hydrogen, which is always j>resent, being resolved into 
sulphur and hydrochloric add — 

HjS + Clj 2HC1 + S. 

Phosphoretti'd liydrogen from animal matter would be also decom- 
posed. Ammonia (and compound ammonias) would give first of all 
ammooium chloride and nitrogen — 

SNHj + 3C1, = 6NU4CI + N„ 
hence the copious white fumes frequently noticed when a chlorine 
mixture is thrown into a dung pit More chlorine decomposes the 
ammonium chloride first formed ; when this takes place there is 
always a formation of inten.soly acrid vapours which attack the eyes, 
owing, no doubt, to the production of chloride of nitrogen. Hydro- 
carbons would in most cases be little affected by chlorine, but theyi as 
a rule, are not so offensive as the other gases mentioned. 

3. The common and most important action of chlorine is as an 
oxidising agent. In the presence of water, more espedally in light, 
it combines with hydrogen to form hydrochloric add, and liberates 
oxygen — 

The oxygen so formed is &r more active than atmospheric oxygen, 
and is in a condition to bnm up the putrescent matters and kill the 
organisms which accompany the putre&otion. But there are several 
conditions indispensable to thorough disinfoction, and amongst these 
(a) ihepnttnee of mmitiMm is absolutely essential when chlorine fumi* 
gation is resorted to. 

* Ssridbl Ar OSIcfamObsisiiiriDN, 1879, vol vL, p. 8SB. 
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(6) Quantity. — Baxter says that th(^ (li.sinfocting action of chlorino 
and of potassium permanganate depend much more upon the nature 
of the liquid than \\\nm the specific or^iinism present. Kuhn, 
Bucholtz, and lluberkorn have contirnied tliis view. For example, in 
a liquid like urine, which requires large quantities of chlorine, before 
the liquid be deocbvtMd, the t«tioii on genm does not begin before 
the ehlorine is in exoen, and it mnst be meintuned in exceei until 
the last germ is destroyed, otherwise the fiurmentstion will raoom> 
menoe. Bat if the action has been oompleted, germs that may 
afterwards enter from the atmosphere find it an unsuitable medium 
for growth. From this it follows that the smell of chlorine most be 
perceptible and persistent for some time, or no good result will have 
been obtained. Excess of chlorine may be chemically tested for by a 
paper dipped in a solution of iodide of potassium and starch paste, 
which is turned blue by free chlorine or the bleaching of litmus paper 
may be used as an indication. 

Baxter in his experiments mixed chlorine with vaccine lymph, and 
found that its activity was not destroyed till the liquid had become 
acid from the presence of free hydrochloric acid. Most putrefactive 
organisms thrive best in alkaline solution ; hence the antiseptic power 
of all free acids in varying degrees. 

To kill pure vaccine, Baxter found the minimum proportion of 
chlorine to be 0*2 per cent, soda chlorinata solution, B. P. 1 in 10 : 
chloride of lime, 1 in 100, both acidified). Hofinann * gives 0*15 per 
cent, as sofBcient for septic vims. 

(c) Time. — ^The vitality of tiie oi|psnisms considerably influence the 
length of time required for sterilisation. Stembeigf found that 
1 per cent of chlorine in air in six hours made dry vaccine inert 
This is a very large quantity, for a room of 50 cubic metres would 
require at this rate 5 kilos, of bleaching powder, even if all the 
chlorine were evolved, which is generally impossible. Baxter states^ 
that air saturated with chlorine by standing over the aqueous solution 
took thirty minutes to sterilise needles charged with dry vaodneu 

These are impossible conditions in practice. Living organisms 
themselves contain 90 U) Oa per cent, of water, hence the disinfectant 
entering them would be greatly diluted. Moreover, their envelopes 
are often tough and resisting, especially those of germs. Therefore, 
more time must be given. 

Fischer and Proskauer,§ from laboratory experiments on spores of 

* VvtrtdjahrMchrift fiir geridUiiche Medicin, April, 1878. 
t Bulletin of the U.S. Board of Health, Washington, 1881. 
t Report 0/ Med. Off. of Privy Council on DuimeclanU, 1876. 
I Jftitf. «Md JToM. ^mmihtilmmte, Bailin, 1884. 
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anthrax axkd various bacteria, conclude tlut for air ftimigation «t 
0*54 per cent of cUorine mmt be preeent^ aod oonsicler it more 
efBcMnoua than anlphuroas add. The ezpeiiments of Jalaa de la 
Oroix,* on the putrefying bacteria of beef tea» give a inrprisiQgly 
&TOQrable aooonnt of the power of chlorine among the agents which 
are &tal to low organitma, and place it next to oorronye rablimato aa 
an ** anttvimlent.'* 

The substances tried, arranged nearly in their order of efficiency as 
determined by him, were aa follows : — Mercuric chloride, chlorine, 
chloride of lime, sulphurous acid, bromine, sulphoric acid, iodine, 
alumininm aoetate, mustard oil, benzoic add, sodium salicylate, 
potassium permanganate, phenol, chloroform, borax, alcohol, oil of 
eucalyptus, potassium chlorate. Tlie methods used were tirst that of 
Bucholtz, then those of Salkowski, Wernicke, and Wernitz, and other 
specially devised " bacterioscopic " processes.! He concluded that 
"be.sides chlorine, bromine, and iodine, we have only sublimate and 
osmic acid that will kill the bacteria of splenic fever within twenty- 
four hours." 

Given the above time, he states as to quantity that " in beef tea 
all growth is stopped by 1 in 30,208 — is., 1 gramme of ddorine in 
30 litres (chloride of lime^ 1 in 11,135 has the same effect); 1 in 
22,768 killa bacteria in foil growth, and prevents their spontaneous 
development in cooked beef tea exposed freely to air ; that of 1 in 
15,606 in raw beef tea. Oiloride of lime is required in stronger doses, 
of 1 in 3,700 in cooked, and, contrary to what one would expeot^ 
1 in 286 in raw beef tea." 

To destroy the germs it requires yet larger amounts, varying 
between 1 in 431 and 1 in 4,911 for chlorine, and 1 in 100 to 1 in 
500 for chloride of lime. 

Vallin I throws some doubt on the above researches, and asserts 
that the antivirulent action of chlorine is relatively restricted, and is 
notably inferior to what would be presumed by the alx)ve figures. 

Dr. Mehl]iauRen§ made a number of experiments, of which tiie 
following is an abstract : — 

T. In a room of 37 cubic metres with door and window sealed, he 
placed a number of insects in gauze enclosures, and two vessels of 
water teeming with vihrioe, rotifers^ and infusoria. An earthen pot 
containing 740 grammes (20 grammes per cninc metre) of Ueadiing 

* Arch, fur experiment. Pathologie, 1881. 

tWomitz, OrundriHx der Denitfwtkmdekrt, pp. 166 to 178, and Virohow'a 
Arehiv.t vol Izxviii., pp. 53 to 60l 
(MMdM iMiMMte, 1888, p^ 118. 
%BvkM d«r CMtra Cmm kri tm , 1919, vL, 83R. 
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powder with a little mter, to whidi he added 1,100 grunmea of hydro- 
chloric add, waa also introdnoed and the door aealed. After nine 
hours the room was opened and ventilated. The animals were all 
living ; the flies only were insensible, but recovered on the next day. 
Ihe water in the vessels, originally neutral, had become add, and 
gave with nitrate of silver a oopioos precipitate of chloride. All the 
bacteria were dead. The 740 grammes of chloride of lime had given 
59-7 litres of chlorine — 1-613 litre per cubic metre, or 0'161S per 
cent, in the air (about the amount mentioned by Hofmann, as above 
given), whilst some had been undoubtedly wasted by iion<evolution 
and by leakage 

II. With the same conditions as before, but with double the amount 
of chlorine. The vessel contained fermenting urine. In eight hours 
there was much residual chlorine. Most of the higher organisms were 
killed ; the urine had become acid, but the bacteria and spirilla were 
still moving. 

III. Equal parts of ccwinion salt and manganese dioxide, witii 
2 parts of sulphuric add and 1 part of water, were warmed together, 
whilst putrid urine and dysenterie stools in wide flat dishes were 
exposed for twenty hours to the gaa. On openings only a foeUe odour 
of chlorine was noticed, as it was masked by the effluvia ifrom the 
stools and urine. Some of the organisms were only benumbed, and 
recovered their activity in fresh air. The liquids were very add, and 
had not entirely lost their fetid odour. 

IV. In another room of 48 cubic metres a glass balloon was placed 
containing 600 grammes of bichromate of potash and 3 kilos, of hydro- 
chloric acid of specific gravity 1*16; by warming, 405 grammes of 
chlorine were evolved, equal to 2-7 litres per cubic metre, or 0':2? per 
cent. Under these conditions all the organisms were killed, but the 
time required was not stated. The process is, however, long, expen- 
sive, and somewhat dillicult, costing about 4 centimes per cubic metre, 
or about Is. Gd. for disinfecting a room 11 feet square. 

Vallin points out that fumigations with chlorine are of little advan- 
tage, and are decidedly inferior to those with sulphurous acid. The 
disengagement of chlorine is incomplete^ unless stirred and heated 
constantly, whidi is almost imposnble in ordinary practice. The 
fiMnlity of ^sulphuring* is, on the other hand, of the greatest value^ 
and the expense is about four or five times less.^ 

Jeannd f noticed that dilorine seemed to have only a temporary 
action on certain vibrios, as he was able by means of ammonia to 
restore thmn to activity alter they had been subjected to the influence 
of dilorine for a long period* 

*8sB A^pftaroiM odd, ktsr. t Uwkm MidkaU, Sspl. 88, Wl. 
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The eaqperiments of Sternberg* concerning the action of chlorine 
on infusoria and mioKHnrguuBmB show that the resistance of the latter 
is considerable. In an nxperimental room of 10 litres capacity, he 
placed 28 grammes of chloride of lime. It was an hour and a half 
before the movements of the bacteria contained in a drop of putrid 
meat infusion ceased, although the watch tjlass holding the liquid was 
directly exposed to the gas. (If he did not acidify, the only chlorine 
evolved would he that liberated by the small quantity of car>)onic acid 
in the air present — namely, about 0 071 per cent. — which is too small 
a proportion, if we take Hofniann's miniinuin of 016 per cent., or 
Baxter's 0 2 per cent, be admitted.! But the total amount would still 
be immense if it could be absorbed by the drop of fluid, as it would 
reach 7 grammes of chlorine in the 10 litees of sir.) Stembeig did not 
consider the moyements definitely destrojed until after an hoards 
exposure to fresh air, they had not reappeared. 

Dr. Gssh t snbseqnently stadied the action of chlorine^ and en- 
deavonred to determine the comparative Taloe of the halogens and of 
snlphnrons add in destroying the yims of anthrax and tnberole ; he 
concluded that the halogens do not present any great differences when 
employed in solutions, the strengths of which are proportional to their 
atomic weights, though chlorine was the least active and iodine the 
most. This would oblige us to use 127 parts of iodine for 80 of 
bromine and 35 "4 of chlorine. He found that when employed in 
dilute solutions they did not disinfect. (That is, below Baxter's limit 
of 0*2 per cent.) He prefers sulphurous acid if the disinfecting agent 
be employed as a gas, but considers it better to employ a solution of 
the gas if possible.§ 

{d) Contact. — Intimate contact between the gas and the centre of 
infection must be assured. If large masses of putrescible matter like 
fbces are present, chlorine gas fails in its action, and must be supple- 
mented by the addition of metallic salts, 4a For if all easily de- 
composable orgsBic matter be not destroyed, a recommencement of 
putrefiMStion is not prevented. || 

Klein IT need chlorine ftmiigatlons in stables for disinfection from 
swine league with success. 

When in great mass — €.g., dung and straw in typhus — care must be 
taken not to give a false security by illusory means. Fkobably in many 
cases it is better to rely on purification being accomplished natnnlly 

* BuUetin qf National Board of JleaUh, Waahington. July 23, 1881. 
tSoe later, aader Chloride of lime, 

tPharm Jmtm», 1987, p. 486; £. <7* AfyeUmlhAnmuU SeporU 

§ See later, Sulphttroiu Acid. || Rdduodt^ Dnufficticmmkkt, 67. 

^ 0. £. Thkrtenih Annual Rtpoii, 
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by air and moisture than nm the flak of natural decomposition being 
retarded by Uu> employment of inefficient qnantitiee <^ aatiieplioe. 
It must be remembered that manure tbat has been treated with 
chlorine or chloride of lime loses all its agricultaral value on aooonnt 
of the destruction of its ammonium salts. On the other hand, if 
diloride of lime is sprinkled over fiscal matter before removal, it 
destroys any offensive g^ses that may be evolved. 

It cannot be too strongly emphasised that air cannot be disinfected 
and still remain fit to breathe. Wernitz * condemns all fumigations 
as usslesB, classing all methods as "illusory specifics," since "we 
require a body which shall come in intimate contact with atmospheric 
dust, and act for a long time on it." Vallin says " disinfection of air 
is useless and gives a deceitful security. To make a strong (xlour of 
phenol, or put a basin of chlorine in a corner, is, with regard to de- 
struction of virus, an operation quite futile, as the virulent particles in 
air arc pro))ably protected by an envelope of dried albuminous matter." 

Chloride of Lime and Hypochlorites. — By treating the alkalies and 
alkaline earths in .solution with chlorine in the cold, mixtures of 
chloride and hypochlorite are formed which have been long known as 
useful disinfectants. 

LiqwHT sodtt chlorinatn, RP., eUmrinated soda, or *< Ean de 
Labsmque** has a strength of 2) per cent, of available chlorineu It 
is used in sufgery diluted irith 10 parts of water (equal to Baactei's 
e£foctive strength of 0*3 per cent. CI) as an antiseptic lotion, and is 
refreshing and non^irritanti By its decomposition it produces a small 
quantity of common salt. It has also been employed as a mouth wash. 

**Eaa de Javelle," introduced by Percy in 1793, is similarly made, 
but with potash instead of soda, and is said to keep longer than the 
soda compound. The orders of the French Prefecture recommended 
1 part of Eau de Javelle of 18* Baume to 100 parts of water for 
flushing closets and washing walls, tfec. Tt lia.s the advantage over 
"chloride of lime" that it does not leave iiehind a deliquescent body 
like calcium chloride. It acts similarly to chlorine. 

" Chloride of lime" or ble/iching powder, obtained by passing chlorine 
over moist slaked lime, has the advantage of being a dry powder, which 
is more easy of transport and keeps better than the soda and potash 
preparations. It is a mixed chloride and hypochlorite of the formula 
OiiGl,0, and hrsaks up into chloride and hypochlorite on solution in 
water. The latter is strongly alkaline^ and is acted on by the carbonic 
add of the air giving carbonate of lime and hypooUorous add. 

SCaCl,0 = CaCls 4- Ca(C10)s 
O^OOU OOt 4- HiO s CMX)t + SHGIO 
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III oontaet witii wgudo nwtter tbe hjpochloroiui aoid t^ta up into 
hydrochloric acid s&d oxygen, and it is on this liberated oxygen that 
ite valne as a dinnfeotant dependa. The calcium chloride remains 
behind as a deliquescent salt, and this is an olgection to Ueaohing 

powder being mixed with lime for white washing, as the surface 
remains damp. It is important to remember that chloride of lime 
most be acidified, either slowly and spontaneously by the carbonic 

acid, or by the addition of hydrochloric or sulphuric acid or even 
vinegar, for any chlorine to be liberated. Weak acids only decoinpose 
the hyj)Och]orite, leaving the chloride untouched, and evolve hypo- 
chlorous acid. Strong mineral acids, on the other hand, evolve 
chlorine. 

To prove tlie necessity of acidification, D'Arcct and Gaultier de 
Glsubry showed that air deprivetl of carbonic acid by a potash wash- 
bottle, and then passed over chloride of lime, was not disinfiacted. 

Qood Ueadiing powder containa 34 per oent of aTaflahle ddMine. 
It is beet used in the proportion of 1 part to 10 or 12 parts of water. 
It should be freshly prepared, and kept from light and air. When old 
it becomes damp and is then of inferior value. 

Similar preparations of aluminium and magnesium hypocliloiitea have 
been made by precipitating a solution of chloride of lime by sulphates 
of aluminium or magnesium. The latter has no special advantage, 
but the former has in addition the mordanting and clarifying and 
antiseptic properties of otiier aluminium salts (seo Chloraluvi, p. 131), 
and might deserve more extended use. It is commercially used 
for bleaching paper pulp, under the name of Anderson's solution. The 
Americiin "standard solution of chloride of lime" is thus described : — 
" Dissolve chloride of lime containing not less than 25 per cent, of 
available chlorine, 6 ounces to 1 gallon of water (4| per cent.). Use 
1 quart for each discharge in cholera, typhoid, iVc. Mix well, and 
leave in the vessel at least one hour before 1)eing thrown away." * 

For disinfecting clothes, the diluted Eaux de J avelle or Labarraque ' 
are better than chloride of lime. The fabrics must be washed soon 
after, or the fibres will be rotted. Of oouzse the colours will be more 
or less afibcted. Jasger used a paste of equal parts of water and 
bleaching powder fiw disinfecting tuberculous sputa, t 

It must be remembered that chlorine and the hypochlorites also aot 
enecgetioally on other substances, so that any mixture of them with 
other disinfectants can only be endorsed by an eicperienoed chemist^ 
for, aa a rule^ these are only to be used apart 

*JitpoH Iff CommUlm m J)iahift€tmU$ tffAmnrktm FubUe M§attk AanehUmt, 

p. 235. 

t Arb. a. d, Kai$. Guundk., 1889L 
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On© part of chloride of lime to 100 of water forms a li^iuid for 
Wftshing the person in infectious diseases. The odour is most j)er- 
aisteiit, and may even convey a false sense of safety when the effective 
limit has long been pasaed. Semmelweis, howeyer, in 1846 suooeeded 
in stamping out of Vienna endemic puerperal ferw by its vse, and Sir 
8pMieer Wells has advocated its use in this country. * 

UeUg contended that the omitinned. action of chlorine or hypo> 
ehloritesi as in the wards of hospitals, leads to long diseaaes in tiie 
patients and ftttendants. PettenkoiiBr and Tiehmann f say that 0*001 
to O-OOS per cent, of chlorine affects the respiratory organs ; 0*04 to 0*06 
per oent. produces dangerous symptoms ; and over 0*06 per cent, soon 
proves fatal. Undoubtedly chlorine will cause chronic bronchitis if in 
quantity, and disinfection with chlorine iuTolves such a percentage of 
the gas as absolutely necessitates the removal of animals and plants 
from its vicinity. 

The BericJtte der Cliolerarommissicyn deji Dettiachen lieichfi^, 1S79, con- 
demns the \ise <»f clilnrine a.s }>eing dangerou8| and Koch obtained 
unsatisfjvctory results witli chloride of lime.^ 

The same, however, is the wise with sulphurous acid, nitrous gases, 
and still more with bromine and iodine, which are all intensely 
]>oisonous. § This action, coupled with the fiftct that the gas corrodes 
metal fittings and rots &bric8, has led in great part to its disuse for 
this ])urj>ose, and to its utility being confined to the disinfection of 
sewers and closets. Angus Smith, || on the other hand, points to the 
healthy appearance of men employed in bleaching ftetories ; he attri- 
bntee this to the purification of the air. Notwithstanding these 
objections to its use, chlorine must be regarded as the most powerful 
of the disinfectants, being the only convenient gaseous body that can 
quickly destroy oiganic matter and consequently ensure perfect disin- 
fection. 

" Chlorozone," a mixture of hypochlorites and permanganates, was 
formerly advocated. It was probably made by passing a current of 
chlorine through milk of lime, or a solution of soda or potash, in 
which finely ground manganese dioxide was suspended, or to which 
the uianganous resi<lues frfuii the manufacture of chlorine were added. 
The chlorine oxidised the manganese compounds to permanganate, and 
at the same time formed hypochlorite. Such a solution would he 
attractive from its crimson colour, and would at the same time combine 
the oxidising properties of both these agents. 

• B. M. 1892. * t Munich Acad., 1887. 

XMitt, a. d. Kau. (JtMundh.^ vol. i., 1881. 

f Wtihaig der venlmmlM Lt^fi a. d. Organ, FMaksl ft Ooppert, Berlin, 1888. 
0 l)Uhtfid«mtitmdI>ub^kiiim, 1889, p. 48. 
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Ohaaiberhttd and Fembach, la a pftper <ni the ** DiunfeeCion cf 
Pttblio Plaow and Dwelling BoonM,"* state tbat eaa de JaTelle, 
Ueaehing powder of a oonoentration of 1 in 12(^ and oommereial 
peroxide of hydrogen, are found to be stronger disinfecting agents 
towards pathogenic microbes than a 1 per cent solntioaof neroniic 
* diloride. These antiseptics, however, at the ordinary temperature, do 
not act at all on moist germs, or only do so after several hours. 
When heated to 40" or 50° C, or higher, moist germs are destroyed in 
a fow Tniniites. Therefore, for rooms they must be heated. Dry 
germs can resist their action for several hours at 40' or 50' C, but if 
then moistened with water they are destroyed. It is noteworthy that 
a 0'8 per cent, solution of bleaching powder is far more active than 
1 in 120, whether for moist or dry germs, or whether hot or cold. 
Thymol, lysol, oil of turpentine, are, in comparison, bad antiseptics. 
In their experiments 100 grammes of bleaching powder were triturated 
with 1,200 of water, allowed to stand one hoar, filtered, and diluted 
with 10 litres of water. 

This paper requires a few observations. Wanning very easily 
converts "chloride of lime" into chloride and chlorate^ and renders it 
almost inert as a disinfectant; it decomposes peroxide of hydrogen into 
water and oxygen, so rendering it useless; eau de Javelle (potassium 
hypochlorite) similarly suffers; hence great judgment would be 
required in the operation. It must be remembered that the 
alkaline hypochlorites do not evolve chlorine until after they are 
acidified, so that a strong alkaline solution may be less efficient 
than a weaker one in water, since the carbonic acid of the large 
quantity of water liberates a greater amount of hypochloroua acid. 
With reference to the prescription for chloride solution for practical 
purposes, an hour is not necessary if well agitated, and filtration is 
superfluous. 

Sheridan Del«''pino t uses chlorinated limo for disinfecting rooms 
which have been contaminated by tuberculous patients, as follows : — 

(1) A solution of chlorinated lime (1 in 100) should bo prepared; 

(2) the walls, ceiling, and floor should be washed with this solution in 
the same way ai lime or whitewash is usually applied ; (3) this process 
should, for salbty, he repeatsd three or four times in sucoessimi; 
(4) the room dundd then he dosed, a small safo petroleum stove being 
first plsoed in the middle of the room, and pescautions taken to prevent 
any chance of fire; over this stove, a large tin basin full of water or 
bleaching powder solution should be placed. To secure acidity to the 
air, he further suggests suspending in the water bath a capsule 
containing hydroehlorio or aoetip acid. Three hours is suflicient time 

* Ann. d€ VInttitut Fadenr, 1888, veL vIL, p. OS. t MmL Cftraa., May, 4894» 
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for an ordinary room, and G ozs. of bleaching powder, using 3 pints of 
water for each washing, is the quantity he recommends. 

W. E. Crow and Frank Browne, at Hong Kong, during the plague 
in 1894, used free chlorine generated firom | lb. dilorinated lime^ 
mixed with 1 quart of water and 1 quart of dilate sulphurio acid (1 in 5). 
This quantity was nied for each room. 

The **fferfnite" or BUetmiyiie /Vocew.— About 1859, CharleeWatt 
diaoovered that when a solution of a diloiide of the alkalies or alkaline 
earths was electrolysed, a solnUon similar to bleaching liquid was 
formed. It presumably contained chlorides and hypochlorites, bat 
apparently was more active than a solution prepared in the ordinary 
way. IQignesium chloride was said to be preferabla Such a solution, 
originally intended* for bleaching paper*pnlp, has recently been 
advocatcfl by M. Hermite for sanitation, and sea-water, containing as 
it does the chlorides of so<lium, calcium, magnesium, and potassium, is 
proposed us a cheap and suitable material. He uses a special form of 
"electrolyseur" for jiffectin^ the electrolysis, and proposes to pump the 
solution through a system of pipes to the place of use, and thus render 
it available for domestic use, and for local flushing of sewers, latrines, 
&c Dr. Piton's report to the Mayor and Corporation of Brest, refer- 
ring to experiments on this system at Nice, states that the Hermite 
solution, dented to a strength of about I gramme of free idilomie per 
Utre, does sterilise the fiecal matter in the sewers, but that, in q»ite of 
the rapid absorption of dilorine, the disintegration of paper and fteoal 
matter is no more rapid than when ordinary water is employed. The 
system was tried at Worthing in the early part of 1894, and Dr. 0. 
Kelly, the medical officer of health for Worthing, in a report incor- 
porating the chemical and bacteriological analyses by Dupr^ and 
Klein, ** dismisses the experiences of the trials made by the Worthing 
Corporation as having fiuled to realise the claims of the inventor, 
besides involving serious considerations of expense, both in the 
production of the fluid and the method of applying it to houses." 
This report was questioned by the English agents, Messrs. Paterson 
«k Cooper, who have formally protested. Dr. Riifier and Sir H. Koscoe 
have reported more favourably on the process, and it has been farther 
tried at Havre, I'Oriente, and Nice. 

In the patent of Hermite, Paterson «fc Cooper, No, 22,279, 1893, 
the apparatus is described, and the strength of the fluid obtained is 
stated to be 2 grammes of free chlorine per litre, and for use it is 
recommended to be dilated six or seven times. A cntrent of 300 
amperes at a pressure of 6 volts is required to decompose the se* 
water in the electrolyseur. In patent Ko. 6,495, March 31, 1894, a 
method of prgtoeting the iron pipes from ccurrosioii by the chlorine is 
covered. 
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The Lancet Reiiort on the Hennite process and the experiments at 
Worthing * conies to the following conclusions : — 

By electrolysis of the magnesium chloride in the sea water, magnesia 
•nd chlorine are liberated, which subiequently combine to form 
magnesium hypochlorite Mg (001)2 and magnesium chloride. This 
liquid may be regarded as the magnesian equivalent of bleaching 
powder solution. Hie magnesium hypochlorite dissociates into 
magnesia, which deposits on the walls and floor of the electrolyser, 
and firee hypochlorous acid, which remains in solution. 

Mp(OCl), + 2HjO = Mk(OH), + 2H0C1. 

The Herniite solution then practically resolves itself into a dilute 
solution of hy[K>chlor()Us acid, and may be cheaply imitated by passing 
carbonic acid through a solution of ordinary bleaching j>owder. It is 
admitted, however, that this "artificial Hermite" gave in Imctcrio- 
logical examination " varying results, and could not be depended on 
to exert constantly an equivalent action to the Hermite solution.** 
Chemically, however, the two solutions exhibited very close resem- 
blance. 

The strength of the electrolysed sea water in ohlorine^ or its equi- 
▼alent, as determined by the arsenious add piooent is 0*5 gramme 
-01 per litre. Urine at once acts on it^ depriTing it of about half its 
chlorine strength. 

In comparative experiments on the action on ordinary stools of 
Hermite fluid, bleadiing powder solution, and milk of lime 2J and 
I per cent., it was observed that, as expected, the bleaching powder 
was not so immediate in its effect, but in a longer period the final 
result was similar. " Although in conse(iuence uf this the bleaching 
powder does not exert so rapid and immediate effect as the more un- 
stable Hermite solution, yet the weaker solutions of the former, owing 
to their stability, in the end produce a much more coni})lete process of 
Bterilisatton than in the case of Herniito solutions of similar dilution." 
The action of tlie fuU-strciKjth Herniite fluid on the pathogenic organ- 
isms of diphtheria and of cholera, and the StnpJiyJoroccus piio'jcnes 
aureus were very satisfactory ; but in the case of anthrax it was less 
conclusive, as the cultures used were proved to be somewhat feeble. 
Both gelatine plate and broth enltivatton were tried. It was £ur more 
efficacious than even strong solutions of phenol. As oom|iared with 
mercuric chloride, the re|K>rt gives the preference to the Hermite fluid 
as a practical disinfectant. It sees, however, no advantage in the 
Hermite solution over the product obtained by treating chloride of 
lime in solution with carbonic add. 

• XcNKSt, Hay 86, 1894. f Mdhoi* r/Analftis, Chap zt. 
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Sir Henry lioscoc aud Lunt have also criticised the Hermite process 
nnlavourably.* 

Qdorateg.— Being mora stable than the hypochlorites, the chlorate^ 
although they oontain more oxygen, give off neither oxygen nov 
chlorine unless a strong acid be added. Such a mixture is a very 
strong oxidant) but it evolves besides chlorine, m<»e or less of the 
explosive and poisonous chlorine oxides known as ** euoUorine.** 

Wiederhold recommends cholera excreta to be treated with potas- 
sinm chlorate and hydrochloric add. The odour of the gases evolved 
is very unpleasant, and powerfully attacks the eyos. The action is 
very rapid, but is soon exhausted ; an objection which, independent 
of cost and unpleasantness, renders other preventives preferable. + 

By tlifmsflves, chlorates are mildly antiseptic. Dr. O'Neill found* 
that the chlorates of })otassiutu and sodium had no preservative action 
on hfef tea. rorcliluratos aro similar. § 

Hydrochloric Acid. — 8ince almost all bacteria irrow best in neutraf 
or alkaline solutions, and many are killed by even weak acidity, the 
mineral acids are valuable disinfectants. Davainejl states that the 
virus of anthrax or septic fever is definitely destroyed by the following 
proportions of acids 





ABtlinui. 


BapUcMnla. 


1 • 
1 1 


1 in 1500 
1 „ 3000 



Tallin, from his own experiments, thinks that a laiger amount ia 
required. 

Acid fumigations for disinfection, espedally with hydrochloric add, 
wen introduced Guyton de Morveau in 1805. Previously, in 1773, 
the stench from the catacombs under the church of St. Etienne at> 
Bijon (which, of course, would be very ammoniacal) wjis entirely 
ramoved in twenty-four hours by pouring 2 lbs. of sulphuric add on 
6 lbs. of salt in a vessel heated by a brazier of hot cinders. 

XaCl + H;S04 = NaHS04 + HCI. 
The next year the hospital at Dijon, where typhus was rau;in^, was 
successfully disinfected by the sjime means. After several other trials, 
this process was strongly approved by the Academy uf Sciences. For 
350 cubic metres of space, 200 grma. of salt and 240 grms. of sulphuric 
add of 60' B. were recommended. 

* Journ. Soc. Chtm. Ind., 1895. t Reichardt, Dcsln/ectionmiiUelfjf,95» 

t Army Medical Report^ 1872, p. 202. § Compare PtriodaU$y p. 76. 
D •* Yiros de 8eplie€mie," (ka. Mtd.. Jaa. lOtb, 1874 
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Its penetrating power and solubility, cninl>ined with cheapness and 
fiftdlity of employment, are its chief merits. The gas is less irritant 
diilorine, but lias a powerful pungent odour. Although it is now 
seldom used, it is well worth farther experiment. Gnyton de Morvean* 
states that **Dr. Cabanellas, in the terrible epidemic in Andalusia in 
1780, having exposed to the simple Taponr of hydrochloric add for 16 
days, pieces of very fetid flesh, there remained not the slightest odoor 
«f putreiaction.*' 

Against its employment are the experiments of Pettenkofer and 
LehmanOjt in which animals exposed to 3*4 per cent of the acid 
in air for one and a-half hours were seriously affected, and many died. 
Strong men can only stnnd 0'5 per cent, for a short time, and the 
limit for workmen used to it is O'l per cent. Recent experiments 
have shown that less than this is destructive of a laxge number of 
pathogenic bacteria. 

Chlorides. — Many of the chlorides have marked antiseptic properties. 
Those of the hea\ y metals, such as iron, aluminium, and zinc, will be 
noticed under the respective metals. 

Sodium chloride, common salt, is generally employed fm- the preser- 
vation of meats, butter, itc. This it does less by its own antiseptic 
power than by removing in the brine the soluble and more putrescible 
organic constitQents, and by hardening the zemaining insoluble fibres. 
The brine becomes sometimes contaminated with ptomaines, and para- 
sitic low oi^ganisms are produced. Goubaux has bliown that it can 
sometimes acquire a high d^pree of toxicity. HowcTer, ii is generally 
thrown away and the meat washed before use. 

Sodium chlcnide is not a disinfectant Pringle, who was one of the 
first to introduce direct experimental methods in the study of disin- 
fectants, in his Memoire iur Us itubstancea septiqttes et antiseptiquet, X 
which is of classical interest, and contains details of a series of mostk 
carefully devised experiments, found sodium chloride so weak an anti> 
septic that he placed it the lowest in his scale of bodies investigated. 
In further experiments he proves that sodium chloride more frequently 
hastens putrefaction, for, in the proportion of 10 to 20 grains to 2 i^'raina 
of beef and 2 ounces of water, the salt softens and dissolves the meat, 
and "by a septic virtue favours its digestion." He cites other authors 
who have admitted the " putn^tiant " nature of sodium chloride. 

Bouley,§ and Arloing, Cornevin it Thomas || lind that even a satur- 
ated solution of salt is without action on the virus of anthrax. 

Bromine. — ^Bromin^ formerly employed by Ozanam to combat the 
development of false membrane in diphtheria, Is likely to be more 

* TniUs 180S. t Munich Aoad.. 1 8S7. 179. • t Aead, Sommcm, 1750. 
S MUU^ Vittritmin, p. 407.- II Lyw iUdkal, JtuM, 1888. 
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generally uaed as a substitute for chlorine in the evexit of an increase 
in the demand for a volatile liquid vhidi easily gives off, when, 
eiqioeed, large quantities of potent gas. It is now made in laige 
-ijoantiUes and eompavatively cheap. Its odour and action on the 
mnoouB membranee are worse than those of ehlorine. According to 
Pettenkofer and Lehmann, men cannot stand more than -002 to *004 
par oemt. unless habituated to it; if so^ not more than OOl percent. 
This shows that fumigation with ehlorine or bromine in presence of 
men or animals is of no value, since bacteria require 3 per cent 01 for 
three hours, or 0-4 per cent, for twenty-four hours ; hence it can only 
be used under the direction of experts. Tt is hIso intensely corrosive. 
The chemical action is similar to that of chlorine, but slower. It is 
mucli more soluble, bromine water containing 3 per cent, of the ele- 
ment, and pos.sessing greater stiibility tliaii cliloriiie water. Bromine 
stands intermediate in power between chlorine and iodine, as its 
atomic weiglit would indicate. Weruitz • finds its eHiciency against 
different known organisms varies between 1 in 1,000, and 1 in 2,840, 
and 1 in 31,100, iodine lying between 1 in 1,000 and 1 in L'4,000. 
Jalan de la Croix,f to kill bacteria in beef tea, required of bromine, 
1 in 2,550, of iodine 1 in 2,000 ; to sterilise the germs required, 
bromine 1 in 336, iodine 1 in 410. To prevent growth in raw beef 
tea exposed to air, 1 in 0,600 of bromine, 1 in 2,010 of iodine. 
•Wilson X states that bromine water of 2 per cent, strength destroyed 
SaeiUut anthraeiB in one day. 

Budioltz} finds the growth suppressed by chlorine, 1 in 25,000 ; 
iodine, 1 in 5,000 ; bromine, 1 in 3,333, as compared witii sulphur 
dioxide, 1 in 666. Arloing, || confirmed by Koch, finds that bromine 
is the most powerful of all destructives to the virus of anthrax and 
tubercle; even killing the dried virus, upon which chlorine does not 
act. To summarise^ 4 parts of bromine appear to be about equal to 
5 parts of iodine, and a safe minimum is about 1 in 2,000, or com- 
liaratively — 

CI 0 02 per cent. Br O'Oo per cent I 0 062 per cent 

The Prussian Government ordered (March 13, 1879) that when 
strong disinfection of 8tal)les was necessary, after removal of the 
animals, for every 18 cubic metres of space a llask of 250 grammes 
of bromine should be planted in sholl-sjind, iron articles being as £ur 
as possible removed, and doors and windows closed. The ffask is 
upset, and the operative quickly retires. 

After twenty-four hours the place is opened, and ventilated for 

* Wirkung der AntUeptica^ Inaug. Dissert., Dorpat, 18S0. 
t VeHUtUm da BdkUrkn, Anskir. f. exp. PtUhoL, 1881. : Hygkne, 1892, p. 525. 
* i ArdiM,/, cap. PMftof., voL iv., pp. 1 to 8(k II Lyoa MMM, 188t» 
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twelT» honn before the tteble is agein used. Its ooet vae then aboixt 
S^d. per cubic metre, bnt since that date the price of bromine has 
been much reduced.* All the bromine would used without 
attentiotti and the method seems to have the merit of neatness and 

eflSciency. 

Dr. Franck, to whom many of the improvements in the n»anufacture 
of bromine are due, has introduced under the name of bromuru 
solidificatum, a very convenient forin.t This is made by first forming 
porous rods of kieselguhr (infusorial sand), and molasses baked untU 
hard, and then saturating theia with liquid bromine. Each stick 
contains about 75 per cent. Br by weight, so that a given weight of 
disinfectjint can be obtained by using the necessary number of sticks. 
At present, however, they cost much more than ordinary liquid 
bfoniiiie. 

Fischer and Froskaner^ have made a number of experiments with 
the halogens. F<»r bromine^ a stoppered bottle was filled with 
sUiceons earth saturated with bromine; when required the stopper 
was removed, the bottle placed near the ceiling of the room, and the 
vapour allowed to diifose. They prefer chlorine, on the ground thai 
bromine is dearer and more destructive to cotton and wooL 

They also draw attention to the importance of the presence of 
mouture when the halogens are used as disinfectants. 

A mixture is made by Messrs. >[ay &: Baker, of Battersea, London, 
consisting of a soluble bromide and bromate (preferably of sodium or 
potassium) mixed with an alkaline l)isulpl)ate, such as NaHSO^. The 
addition of a small fjuaiitity of a terpt ne, essential oil, camphor, or 
hydrocarbon increases the keeping power of the disinfectant. This 
• mixture, when moisture from the air is ab.sorbed, liberates the halogen 
thus 

5NaBr + NaBrO, + eNaHSO^ - 6Na,S04 + SHjO + 3Br,. 

It is known under the name of " Bromidine."§ 

The bromonaphthalcne night-lights, which owe their efficiency to 
the liberation (»f this element, give otl" the bromine only when 
burning, il Dr. C. 1\. A. ^\'right has patented the use of nionochlor- or 
brouinaphthalene <lissolved or suspended in solution of resin soap^ 
He also proposed using these compounds in powders by mixing them 
with sawdust or plaster of Paris, kc.*,\ 

* Compare Mchlhauscn'a experiments with chlorine, ante, p. 61. 
t Patent Xo. 254, 1883. 

t MHtktOmgm mu dem KtU$urUehe» OtttmdUUiamte, Berlin, 1864. 

iJom Soe. Ckem, Jiidtulry, 1887, p. 378; W. D. BorUnd, patent No. 6101, 

1886. 

ti Joum. Soe, CAem. Indwtry, 1890, voL ix., p. 407. ^ Patent No. 4,060, 1893. 
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lodbie is a len powwrAil diaiiil^etaiity accordiog to Kocb, than 
ehlorine or bromine. His experiments have the objection of having 
been performed with an alcoholic eolation of iodine, while both bromine 
and dilorine were used in sqneoas solntions. Oanb's more recent 
work shows that when used in rates proportional to the atomic 
weighti^ iodine is more energetic than cUoriue, bromine being inter- 
mediate in its diaracter. 

Iodine water is practically stable, 1>ut is mncli weaker than bromine 
water. Its vapour is eight and a-half times heavier than air, and, 
therefore, diiiicult to diffuse. 

lodino does not act by oxidation like clilorine and bromine, but> 
directly combines with the protoplasmic matters of organisms, thereby 
poisoning theio. It is not a good (leo<iorant, and has tin; disadvauUige 
of producing brown or blue stains when organic materials come into 
contact with it. Its high atomic weight (127) adds to its cost, but, 
being a solid, it is convenient, safe, and portable. Lamps of variou.s 
kinds have been devised for vaporising uud diiiusing it in a liuely 
divided state. 

Messrs. Gssson and Brown proposed using candles containing iodine 
and salicylic add incorporated with the wax. These, when burnt, give 
off vapours of iodine and phenol. If the combustion is too free, iodine 
alone is volatilised, the phenol being decomposed. These csndles are 
said to remove all odour of sulphuretted hydrogen and tobacco smoke, 
and are recommended for asthma, hsy fever, ikc. 

Better than these are the ** Sussex patent night-lights," in which 
iodoform is mixed with the wax. In burning, hydriodic acid is 
probably liberated firsts and then decomposed by the heat into 
hydragen and iodine. 

Watson *k Fulton* have proposed candles containing iodine and 
sulphur, which profess to give otf the vapour of iodine uud sulphur 
dioxide gas, with no hydrioiiic acid. 

A. J. Shilton t has taken out a patent* for a solution of iodine 
dissohcd ill an alkaline iodide in the propijrtion of 1 oz. of iodine and 
2 ozs. of potassium iodide to 1 gallon of water ; also § a mixture of 
2 ozs. potassium iodide, I oz. iodine, and IG ozs. ammonium chloride; 
these in strong solution are diluted with 15 to 20 ^mrts of water, and 
dllAiaed into the room by a spray producer. Davaine and Marchal 
de Galvi were the first to propose iodine as an antiseptic. The former 
found that 7 milligrammes of iodine sufficed to kill anthrax bacilli in 
1,000 of liquid.|| Griffiths IF states that 1 miUigrammeof iodine in 

* Fsteot No. 10.876, 1886. tJoern. Soe. Chan. Indrnttry, 1890. 

X Patent Ka 2,837, 1888L f IhkL, im» ^ m 

II Bui. de rAcad. de Jfideehu, July 27, 1880. 
% Proe, Ron, Soc. Bdw., vol. zv., pb 37. 
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100 O.C. of nutriflot Inotii (1 part in 100,000) destroyed tlie vitaHtj of 
Saretfta lutea, a diromogenons ooocns, in half an hour. 

Dr. Williams asserts that iodine greatly reduces the number of 
tubercle bacilli and proTOnts qpore-formation. '* We can inject with 
impunity into the blood of a dog, for each kilogramme of body weight 
-02 or -03 gramme of free iodine dissolved in 2 parts of sodium iodide. 
This for an ordioary man vonld be 1*4 to 2*1 grammes. Beyond this 
it is poisonous, and death occurs in twenty-four hours. Potassium 
iodide has an injurious action on the heart." • The importance of these 
results is sliowu by the consideration tliat disinfectants externally 
applied ciiuuot .irrcst the progres.s of disease germs already estaMished 
in the body, since, as Koch says, " before they destroy the panisite, 
tliey kill the host. ' The choice lies between real though dangerous 
disinfectants like chlorine, and antiseptics like carbolic acid which 
require to be of such strength as to be ezprasiTe and almost ini4iplio> 
able. Prophylactic treatment^ like injection, or Pasteor's and Kobh's 
inoculation, would haye to supplement ^fiMtive disinfection externally. 
Koch states that to check BaeUhu anthraeii in man, by internal treat> 
ment) 12 grammes of iodine must be constantly in drenlation. 

Iodine inhalation has proved valuable in phthisis and other lung 
diseases. Of course, it is yery irritant if too strong, but a diluted 
vapour is tolerated. f 

Iodine Trichloride, ICI3, was proposed as a disinfectant by von 
Langenbach. It occurs in oransje-vellow needles, easily solulile in a 
moderate quantity of water to a colourless acid solution of extremely 
irritant odour, afVecting the eyes. It is best kept as a a per cent, 
solution. A solution of 1 in 1,000 keeps for several days ; after a 
time it decomposes in tlie presence of water into hydrochloric and 
iodic acids, and loses much of its power. It is easily made by i)assiDg 
a current of ohl<mne through water in which iodine is suqpokded with 
constant agitation. It is well known in organic chemistry that the 
presence of a trace of iodine fsTOors greatly the action of chlorine on 
organic bodies^ hence it is not improbable that a small quantity of 
iodine, or of its diloride, might be a valaable aci|junct to chlorine dis- 
infection. Von Langenbach prononnoed iodine trichloride to be one 
of the most powerful disinfectants known, an aqueous solution con- 
taining from 0*67 to 1 gramme per litre, l>eing as powerful as a 4 per 
cent, solution of phenol. It can be used for cleaning the hands and 
instruments, and ranks next to mercuric chloride as a germicide. 

Trauijutt * finds l)y experiments on hospital patients that it is not 
poisonous, that its etl'ect on germs is very marked, the bacteria of 

• Froe, Roy, 80c, 1884. + Proc. Roy. Soc. SdiiUt vol. xv., p, 54. 

XZtittJ&r Hffj.t 1893. p. 427. 
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typhoid, cholera, and diphtheria heing destroyed by 1 per cent, in one 
minute^ the two latter by 1 per 1000 in the same tune, while typhoid 
witii 1 per mine reqiiired five minutes. It was very anooessfnl when 
tried on the dejecta of eholera. The price of a 1 per 1000 solution is 
about oneqnarter that of 3 per cent. carboUe add, which it excels in 
efficiency. Dr. Otto Riedel * had previously in a number of experi- 
ments established its value, pronouncing it not very ]>oisonous, and as 
having about three times the power of phenol. Webb states that 
chloride of iodin^ mixed with talc and stearin or petroleum and bumt» 
gives an actiTe vapour, t 

lodates are disinfectant, easily gi%'ing off oxygon and even iodine. 
lofliTif dissolves at once in an alkali, producing a mixture of iodide 
and iudate, wliich, on the addition of an acid, liberates hydriodic and 
iodic acids. These acids interact on one another, setting free iodine 
as a precipitate if strung, or in solution it" weak, 

HIU, + oRL =. 31, + 3H,0. 

Sonstadt has proposed \ a mixture of calcium iodate and an alkaline 
salicylate for destroying the (liscjise-bacteria of pleuro-pneunjonia, ttc., 
by sj)ray or vaj>our. Stronger- solutions are made by adding sodium 
or potassium citrate, which increases the solubility of the iodate. "It 
may be used as a lotion for sores, bitt;s, or wounds, by injections for 
cholera or typhoid, or internally." Griffiths states § that a solution 
containing 0*5 per cent, of ]iotassium iodate destroys several microbes. 

Pfltiodatet. — Salts of periodic acid, HIO^, have been recently much 
extolled as disinfectants. Weaver asserts that '*all putrefiwtiTe 
microbes and the poisonous ptomunes they create are destroyed by 
1 in 250,000 of *periodate,' although singularly the aerial moulds are 
ilbt much affected by it" || One of the salts has been investigated by 
Klein, who states that " it is a Tery powwfdl disinfectant^ instantly 
killing cholera comma badlli, and ^phus bacillus when used 1 in 5,000 
of water." 

Periodic acid is made by treating perchloric acid with iodine. 

. 2HG]0« + 1« » 2HIO4 + Of. 

The periodates are foitaed by treating an iodate and an alkali with 
dilorine^ or treating a mixture of iodine and an alkali with excess of 
chlorine: 

NalOi + SNaOH + Clj « aNaCl •^ H,0 KaI04. 

A great numbw of perlodate preparations have been introduced. 
"Greo" is a disinfecting powder containing tar, alkali, and periodate^ 

*AHt, a. k. KaU. (TeftHuMcdmRle, 1887. 

t Beichardt, Deiin/ecllommUlel, IS81, tt. t Patent No. 4,920, Oct, 1888. 
i Proe, Bog. Soe, Jldut., Mareh, 1888. || Buitder, Sept. U, 1888. 
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for dntai, Ae. Klein states th»t » 1 per cent solaUon kills cholera 
and typhoid bacilli in five minutes. Another disinfecting powder 
contains periodate with encalyptol. lodate soaps are made. 

GriiUths Hms given a very favourable report on ferric periodate^ 

1 in 250, as destroying JJacillus anthracis and its »pores. 

The constitution of these various mixtures seems not to be clearly 
defined, ami further experience is necessary before their very wide 
claims Ciin be admitted. Their expense and possible inst^ibility have 
been adduced as an objection for public and extended use. It is 
notaVjle that the higher oxygen compoumls of iodine in the chemically 
pure state are Icnown to be very stable and do not easily give up their 
oxygen. The aetivity of these " periodate preparations cannot there- 
fore be attribated to liberation of oxygen. They present some 
analogies with the ''Hennite" fluid. 

OROAMIC COMPOUKDS GOMTAZMINO THS EALOOKN8. 

Nearly all halogenated organic compounds have antiseptic and 
anesthetic properties. The aromatic compounds are more antiseptic 
and less ana\sthetic than derivatives of the liydrocarbons wliich have 
not a closed chain. They are, therefore, to bo preferred, although 
chloroform and especially iodoform are still largely used. 

Chloroform, CHCI.,, is a stronjj antist-ptic, and prevents putrefaction 
so long as it is present. It is very volatile, Intiling at 01° C., has a 
lii^li spot itir ;;ravity (1*497), and is almost insolul»lc in water. These 
projjerties, its cost, and its poisonous action on animals, render it of 
very limited application, almost contined, indeed, to preserving medi- 
cinal infusions. 

A solution of 5 per cent, chloroform in spirit is sold in small bottles 
as a preservative, hut is not patented. Its peculiar sweet taste and 
odour are instantly recognised, even in presence of sugar. 

Tallin states * that to kill already-grown bacteria requires the rela* 
tively large dose of 1 per cent of chloroform, and that it does not 
sterilise except when equal parts of chloroform and water are used. 

F. Bouillat t has also obtained unsatislaetory results with the 
chlorides of carbon, CCi^, C.^Cl4, and CjCl^. 

Bromofonn, CHBr^, is similar, but more expensive, less volatile, 
equally insoluble, and less stable. 

Iodoform, CHI.,, a yellow crystalline powder of persistent and dis- 
agreeable odour, volatile, soluble in alcohol, but almost insoluble in 
water, is a powerful antiseptic (proposed by Von Moorhof, of Vienna, 

• TralU ties Dth^infectants, p. 20C. 

t Zt'U»ch./. praktUch. C/tem., vol. xxv., p. 300. 
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in 1881), and is maoh used in hospitals for dressings, «S:c., in the form 
of iodoform gauze. A liquid containing iodoform in solation or sua* 
pension is readily made by adding to tincture of iodine strong Uqnor 
potassR or liqnor sodie nntil the colour is destroyed, and pouring this 
solution into a large bulk of water. 

Iodoform night-lights have been already mentioned (p. 73). 

To prevent the putrefiu^tiou of bronchial mucus in pulmonary dis- 
easesy Ghiaramelli recommends the internal administration of iodoform. 
The mer]i( itie is eliminated by the lungs, hence its action would be 
less irritant than in direct inhalation.^ 

The United States Fharmaooposia gives the following formula for 
iodoform gauze:— 

Iodoform, 10 parte. 

Ether, sp. gr. •725, 40 „ 

Alcohol, „ -820, 40 „ 

Haotors (rf benzmn (1 ia 6), . • . 6 „ 

Glycerine, • . 5 „ 

Game moalin, A saffieieBt qnsatity. 

** Dissolve the iodoform in the ether, then add the alcdiol, benzoin, 
and glycerine ; immerse in a weighed quantity of this solution the 
exact amount of muslin required to - absorb it all, so as to make a 
imtduct of the required strength in iodoform (generally 30 to 50 per 
cent^X ^'7 horisontally in a dark plseew Preserve it in air-tight 
receptacles." 

Bisulphide of carbon has been sun;gested as a solvent, but its odour 

and inflammability render it objectionable. 

Iodoform is also used in fine powder for dusting wounds, in Ixjugies 
with cacao butter, in cuiuLsioa (»f 10 to 50 per cent, with glycerine, 
water, and tragacanth, and in .solution of 1 part iodof<trm with 11 
of vaseline tu 9 of benzene with 2 drops of oil of wiutergreen for 
injections. 

The antiseptic power of iodoform has recently been much disputed. 
While the Lamott asMrtat tiiat it is a much better antiseptic than 
most other substances which are used for the same purpose, and is of 
mudi more value than carbolic solution, and while Sir Joseph Lister 
found it of the highest value for wounds, Messrs. Hehn and Rosvin j 
maintain % that in a long series of experiments they have proved that 
it is not antiseptic at all, but only a desiocant *< Sterilised iodoform 
Jelly, when inoculated with micro-organisms, was found to be full of 
them, all growing freely, on the third day." Kiedlin asserts § that 
"as a parasiticide it is foeble and inert^ but it dries the surfoce of 

• Lyon Medical, 1882, p. 362. f Lancet, 1887, p. 5»5. 

$ CAoa. Ntwi, vol Iv., Ida?. i Araoold's H^gUne, p. i», 1880L 
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voQnda." Miguel in hisjtaible marks it as reej strongly antiseptic ; * 
hat BouiUat t firand that 10 per cent of iodoform did not arrest pntoe- 
Ibetion change in extract of pancreas. The troth is, as pointed ont by 
Behring^ that it prodnces its nndonbtedly beneficial effects, not by 
acting directly on bacteria, but by inducing diemical changes in their 
toxic products. He has ascertained that Bome of these toocines are 
altered chemically by iodoform and rendered harmless. 

Drs. Forster and Marchand X are in favour of iodoform. Dr. W, 
D. Miller does not recommend it for dental ])urposo.s. 

Its utility must he liniitefl to surgery, and perha|>s also to fumiga* 
tion in tilt' randies already described (p. 7'\). 

Ethyl iodule is unstable and easily gives otV iodine, of whieli it con- 
tains 81 per cent. It has proved useful in phthisis and aatlinia, in 
doses of 10 to 15 drops inhaled several times a day. Iodine may be 
detected in the urine and saliva soon after inhalation. It possesses 
germicidal powers, and readily destroys BadUw tuheretdosl -i Ethyl 
bromide has aUK> been suggeste'd.{| Their cost and low voktility would 
negative them as disinfoctsnts. 

Oiganie Compoands oontainiiig Iodine.— Dhe halogens can only exert 
their disinfectant action in the free state ; in combination they may 
modify the properties of the compound, and make it possibly more- 
antiseptic, but they cannot be disinfectant in the sense of burning up 
the organisms as chlorine, bromine, and iodine in the free state do. 
It is true that some of these bcxlies are decomposed more or less slowly 
by light setting free some of the halogen, but this would be a pro- 
traolfd, expensive, an<l wasteful process. 

Europhen (isobutyl-cresol hydriodide) ; iodol (tetra-iodo-pym)line) ; 
oristol (di-iodo-di-thyniol) ; and sozo-iixlol (sodiuni-di-io<lo-paraphenol 
Sttlphonate) have been proposed as iodoform substitutes, and will be 
fhrther desoribed among the aromatie antiseptics. 

The periodides of the phenols have been patented for antiseptio 
QBe.V 

flnoiliiB itself is more eneigetic than chlorine^ bnt on aooount of 
the intensity of its action and the dilBcnlly of its preparation, is not 
likely to be made available. 

^Nfany years ago William Thompson fonnd that hydrofluoric add, 
fluorides (add or neutral), and silicofluorides (fluosilicates) were anti> 
aepti& He patented their use under the name of " Salufer." Sodiuok 

* Lm OiymiMNCf VhamlM de VAtmnphirtt 1883, p. 289. 
fZtkaeK./. predttiteh. Chem.y toL xxv., p. 300. 

t A rrh Iv. Path. AnaL, vol. xciii. , 1 883. | Griffith'* Mkro-iHrgani$mt, p. 208. 

II Soruiuui, AUi dtlCIntt. LomfHtrdo, 1887. 

^ Bayer of Elbe^eld, and WUlcox, Patent No.. 7,78% UOL. 
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sOiooAnoride is a powdor poMMni^ no imall and only » alight laline 
tMte, and is sparingly soluble in water. A saturated solution 
contains 0*61 per cent, of the salt, and is not irritating to wounds. 
Thompson states that it is stronger than a 1 per 1000 solution of 

mercuric chloride, and not poisonous. Tt is commonly sold in cubes 
of a definite weight, being thus more easily carried. Dne cube 
dissolved in ;i (|u.xrt of water is suitable for washinLi the hands. It 
is highly spiken of as a non-toxic antiseptic and deodorant. 
A "Salufer" wool is also made.* 

The recent work of Dr. Edront on the use of mineral acids for 
the suppression of undeniable fermentations in bfeweries and dis- 
tilleries, has demoDsteatod that hydroflnwic acid has a powerful 
aatiseptio aetimi, and protects the wort from laotac and bu^rrie 
finrmentations. The ammoninm and potanlnm nits have also been 
used successfolly in this way. All the fluorides appear to poeseas 
die further remarkable property of increasing the diastatio power of 
maltt 

Dr. Grithths in several experiments has found that a 0*4 per cent, 
solution of sodium silioofluoride was fatal to the bacteria tried — 
vis., Mieroeoeeui prodigioiut and BacilluB adematii malignLX 



CHAPTER V. 

SSB MOSr •MBTAIiUO llTiBMBNTO AMD THBIK DA1UVAVIVX8 

Osygsn and Osone : Oaonisan — Fsroxide of Hydrogen— Carbon Dioxide— Kitrio 
Aolds and Osldss of Mttngsn: Nitrons EHmt— Snlplnir and ita 0cm- 
ponnda: Sulphuretted Hydrogen — Snlphnrous Acid — Sulphites and Bisul- 
phites — Thiocnmf — Sulphites in FochI — Sulphuric Aci<I — Sulph.it^-s — 
Bisulphide of Carbon — Borio Aold: Borax and other Borates— Boroglyceride 
— Bgtfe Add In Food — Phyriologioal Eflheta — Influenoe of Qasas on 

OXYGEN, OZONE, AND PEROXIDE OP HYDROGEN. 

Oxygen is the chief and natural disinfectant, burning up gradually all 
organic Hubstances into carbonic acid and water. This process, called 
decay, affects the various bodies very differently ; the more putrescent 
compounds are generally the most rapidly destroyed, so that fresh air 
would be all that is needed to keep our surroundings healthy, if it 

• Chem, NevM, voL Ivi., p. 132. t Monit. Sdent., vol vi, 1892, p. 81. 

X Proe, Roy. Soc EdiiL, vol. zr., p. 37. 
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were possible to ensure that all matter likely to be a source of con- 
tagion were liberally supplied with the oxygen of the air. The 
oxidation of the products of those micro-organisms which are poisonous 
to man, such as the "])tomaines" and "toxines," whicli Sclmi was the 
lirst to iii\ estimate, is no easy task. The bacteria which jnoduce these 
toxic compounds have a higher vitality than man, and most strong 
chemical agents which can kill bacteria have also a toxic eil'ect upon 
more complex organisms. No man can endure an atmosphere that 
-will kill these bacteria. Only the halogens, chlorinei bromine, and 
iodine can penetrate their envdopea, Mid these cannot be given in 
snfileient quantity when man is present It is, therefore, absolutely 
necessary to remove patients and seal rooms in order that disinfection 
may be successfully accomplished. 

The importance of the distinction between an antiseptic, which 
aimply stupefies the germs of disease for a tim^ and a disinfectant, 
^Inch kills them and leaves the room sterile, cannot be too strongly 
insisted upon. The use of antiseptics merely puts off the era of putre- 
/action, and while arresting temporarily the evil, does not eradicate it. 

The "molecular" or ordiucary oxviren of tlie air acts slowly. When 
liberated from various chemic;il compounds like permanganate and 
peroxide of hydrogen it is said to be in a " nascent ' or atomic con- 
dition, and is then far wore active. 

A number of inventions attempt to increase the power of atmo- 
spheric oxygen by mechanical means. Thus it has been proposed to 
•compress the oxygen into water, increasing the solubility, and there- 
fore presumably the activity.* Similarly J. Konig, with a view to 
increase the rate of atmospheric oxidation of the waste water oi 
tanneries and slaughter-houses, produces a flow over a tinned iron net 
4*5 metres high, with a breadth of 1 metre for every 12 litres per 
minute, giving as the rMult of an experiment : — 





Par Utre. 


Oxygen, 

bulphuretted Hydrogen, 


Btfon. 

3 c.c. 

20 '4 miUigrma. 


Alter. 

9 c.c. 

0*9 niilligrms. 



proving that stroi^ oxidation had taken i^aocf On the same prin- 
ciple polluted water flowing over weirs and waterfalls is oxidised and 
becomes clear and brilliant Pathogenic organisms may not, however, 
he entirely removed by such aeration, and may set up changes again 
lower down. 

* E. Scraby, Pt^t Nik «3S0, 1891. t Ckm. ZeUimif, vd. vilL, S», 1008. 
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The self purification of rivers in this way is now accepted by most 
chemists, the natural ai ration being aided by infusoria and vegetation 
in removing most of tlie dead organic matter and in reducing the 
number of micro-orgauisuis present.* 

Ozone, Oj,, is present in country air, but absent in towns, bong 
quickly consamed by the of^ganic matter present in the air. It is an 
allotropic modification of oxygen produced by atmospheric electrical 
dittnrbances, but owing to its energetic oxidising, it is soon destroyed. 
It closely resembles chlorine in its chemical activity. Its energy has led 
seTeral inyentors to propose electrical means for disinfection, as ordinary 
oxygen becomes oxonised when sobjected to an electric current. 

Hagent proposes to ozonise oxygen by the usual silent discharge 
method, then to pass it over the articles to be disinfected, or introduce 
it into sewage, when the ozone, ().., decomposes into 0._, (ordinary or 
''molecular ' oxygen), and the atom «»f "nascent" oxygen, which acts 
upon the organic matter more rapidly than wlien in the ordinary 
molecular coiulitiou. The remaining oidinary oxygen, mixed with a 
little carbonic acid, derived from the oxidation of organic matters, is 
carried back and ozonised again. The process can, therefore, be made 
a continnons one, the carbonic acid being absorbed by lime. It must 
however, be borne in mind that : — 

1. No caomatr yet imaenUd rauet the czon$ to more Ikm 10 jMr eml^ 
and generally not over 1 or 2 per cent, and this strength is hardly 
sufficient for sewage. It is well known that, owing to difbsion laws^ 
sk gas acts &r Isss actively when mixed with a large quantity of 
another inert gas. 

2. A larfje viAuM <lf gtl$ WOiUd be required. If the sewage contained 
1 per cent, of organic matter, 1 gallon would contain about 50 grammes, 
which would require about 10 grms. of " nascent" oxygen, or 30 grms. 
of ozone. Assuming the ozonised oxygen to contain 5 per cent, of 
ozone, 300 litres of ozonised oxygen would be required to disinfect 
1 gallon of sewage if the ozone all acted. J^ut as, owing to diffusion, 
it is reasonuhle to assume that only part of the ozone would act, a very 
much larger amount of gas would be required to effect the purpose. 

3. It eomei m eompetitien witk.Mifim, which is more soluble, and 
'tiiereibrs^ more rapidly absorbed, and as it can be easily produced in a 
pure state (100 per cent as against 5 per cent.), a quicker and more 
«ertain action from its use can be relied on. 

4. 3%e ^ifsifum ^ ooil With equal efficienoy, this would of course 
decide. 

• Jcmm. Soe, Ckem. Indtutry^ 1891, p. 720; Report of State B, of ffeattk, 
JToM., U.S.A.f p. 783 ; Proc. Inat. Ch, Bnffieiien, 100, voi ili., p. 9L 
t Brill, October, 1881, patent vdd. 
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J. T. Wood* oonvwts sewage or other polluted liquid into spray hy 
the action of a blast of **air, oxjgen, o«me, or other snitable gas" 
under prsesore, hj whieh it takes np more than it would under 
ordinary eiroonutances. "Any chemical precipitant" is projected 

into the spray, the sewage allowed to settle in tanks, and the clear 
liquid further purified by passing it over "oxidising stairs," the 
" risers " being provided with openings which communicate with tubes 
containing the ozonised air under pressure. Modifications of the 
air-blast are descril)ed applicable to filter-l>eds and the weirs of rivers. 
It is to be feared that the expense would be prohibitive. It does not 
seem to have been tried on the large scale. 

In the dry state, ozone has very little action on micro-organisms, 
but when moist is a very powerful bactericide. Ohlmuller t found 
that when babbled through water in which bacteria were suspended, 
the strength bong 15 milligrammea of oione in 1 litre of air, anthrax 
spores (the most difficult of all to destroy) were killed in ten minutes 
by not less than 90 milligrammes of osone to the litre of water, anthrax 
hadlli by 68 mgms., typhoid by 19*5 mgms., and cholera by about 
18 mgms. A most important factor to be taken into account is that» 
when the water contains organic matter the action Is much diminished^ 
since the ozone attacks the unorganised matters first, and in so doing 
is destroyed. It must not Ije forgotten that the oxidation of organic 
matter purifies the water, and would apparently render it less liable to 
subsequent infection, us the pabulum for the bacteria is diminished. 
Recent researches seem to show, however, that the pathogenic 
organisms iictuully multii)ly with much greater rapidity in pure waters 
tiian in ordinary river waters, although they subsequently decline 
equally rapidly. No process, therefore, that is simply founded on 
diminishing the organic matter in water, can be regarded as trust- 
worthy. 

It will be noticed from the above experiments that a very large 
v<dume of air must be driven through the liquid, amounting ibr 
anthrax spores to six times the ▼olnme of the water treated before 
sterilisation can be assured. Since no materials, except glass or stone- 
ware^ resist the action of ozone, metals, wood, greaaSi indiarubber, Ao,^ 
must be avoided in the construction of any apparatus employed. 

In generating ozone, the temperature is of importance. At 6' CL. 
no ozone appears to be formed ; from this point the yield increases up 
to 24** C, then declines. 

When permanganates are treated with strong sulphuric acid, ozono 
is evolved. Meyer I makes an intimate mixture of barium perman- 

* Patent No. 22,747, 1891. t Arleiten a. cL Kais. Gesun(L, 1892; voL viii, p. 289L 

t Patent No. 16,463, 1888. 
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gaiDaie and sodium bisnlphate m tike proportion of 25 per oentw of the 
former and 16 per cent of the latter. ** If sufficient water be added 
to snch a mixture so as to form a thick symp, oionised oxygen will be 
OTolved.** 

The cheapest way of obtaining oionised air is by means of the 
silent electric discharge. A conTsnient method, however, for gene- 
rating it in small quantities is by means of moist phosphorus, keeping 

it constantly co il to avoid inflammation. 

A. Riche lirst proposed moistening the phosphorus with a solution 
of potassium V)ichroniate and sulphuric aciil, inste<ul of w<ater, and 
aspirating or, littler, driving a slow current of air over it. He 
mentions a form of '• kcrite as the Ix'.st matt riul for the tubes. 

Kattenlioy* jdaces the sticks of phosphorus in glass-capped holders, 
just projecting from a solution of potassium permanganate in 10 per 
cent, salphuxie acid. The whole is enclosed under a bell-jar pierced 
with holes for the outlet of ocontsed air, with a lodced cover to prevent 
tampering. There is a funnd to add more liquid when lequired, and 
a sliding glass-rod support to adjust the level of the phosphorua Sndh 
an apparatus might be of service for inlet ventilators, but its use 
would not be advisable in a room, since even a trace of oione in excess 
would be irritating to the lungs. 

At Berlin the electrical manufocture of osone on a large scale has 
been attempted for sanitary pui-poses. 

Andreoli's apparatus, at present in operation at Allen S: Ilanbury's 
works at Bcthiial Green, is based upon the silent discharge of electri- 
city from points in the well kn<nvn " hrush " or glow, as distinguished 
from the spark. The former generates ozone, whereas the latter, by 
its high temperature, destroys it. A large number of serrated strips of 
tinned iron are arranged parallel to one another so as to form gratings 
on opposite sides of plates of glass. The gratings are connected with 
the poles of a dynamo-transformer, giving a high-tension current of 
10,000 volts. The apparatus gives a larger surface and a more 
uniform distribution of the current than other <MEoniser8 of the 
Siemens^ type. Air is driven by a fan through a cotton wool filter at 
a rate of 160 cubic feet per minute, then, after cooling, and drying by 
sulphuric acid on pumice, it passes over the gratings by whidi about 
6 per cent, is calculated to be osouised. 

The same inventor has smaller open ozonisers intended for domestic 
use, which can be worked by an electric supply current.f 

Dr. Forster, of Berlin, proposes the supply of a small quantity of 
ozone to the air of towns, stating that many epidemics, such as 
influenza, arise at times when the atmospheric ozone is at its 
* Patent No. 24,709, 1S93. iJndtutriet and iron^ Aug. 18, 1803. / 
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lowest^ and that an artificial snpplj might prevent or modify the 
oatbreaka. 

Many yean ago an attempt was made to supplement the advantages 

to be derived from a winter's sojourn in the High Alps by supplying 
the air of the hotd at Maloja with ozone from powerful induction 
coils, but it seems that no special benefit from its use was felt \ty the 
j)atients. Dr. Hassall's experience at his sanatorium at San Remo 

was also disappointini;. Tliere aio, however, many cases in wliich it 
is stated to liavc proved Ix-nefieial in phthisis, and late experiments in 
the Berlin liospitals have shown results in its favour. 

Peroxide of Hydrogen, H.,0^„ is prepared by actiug on a peroxide of 
an alkaline earth by an acid, e.i/. : — 

BaO, + CO, + H,0 = BaCOa + HjO, 
BftOs + HiSO«(dIittte) » Bi^4 + HgOk 
It is a syrupy, inodorous, and neutral liquid, which easily decom- 
poses into water and nascent oxygen, hence bleaches and acts as a 
powerfal oxidising agent In the dilute state it is neither irritant 
nor poisonous. Its instability is lessened by the addition of a small 
quantity of acid. Two forms occur in commerce— ** ten volumes" and 
"twenty volumes" — indicating nominally the number of times its 
volume of oxygen it gives oil' when treated with peroxide of manganese, 
according to the following e<piation — 

H,0, = H2O + O 

The commercial peroxide should always be tested as its quality is 

often very inferior.* 

When an electric current is passed through water, whether the 
gases oxygen and hydrogen be evolved, or whether the current bo so 
weak that the oxygen remains dissolved, the latter is ozonised, and 
the water acquires oxidising properties, and behaves as if it contained 
peroxide of hydrogen. Such a solution has been patented, but the 
product is too weak to be of use. Ozonised water " hss been intaeo- 
dttoed under the name of " antibacterikon." 

Peroxide of hydrogen is probably present in the '^Hermite" 
solution already described (p. 67). 

As a disinfectant hydrogen peroxide would be excellent if it were 
qnidcer in its action. Angus Smith in 1869 called it "the disin- 
fectant of the future." It oxidises such bodies as sulphuretted 
hydrogen readily, it has no smell of its own, and is not pwsonous. 
Metals and fabrics are not attacked ; it has not, like permanganate, 
the tendency to act on inert matter, though it possesses the true 
characters of a disinfectant. Its action has been recently studied 

* For a Bimple method of measuring the gas cvolveU, see Methods of Analyst 
Chap. XV. 
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in some detail by M>r. Paul Bert and Reynard.* Tliey found that 
all fermentations caused by bacteria are at once stopped by peroxide 
of hydrogen, and the ferment killed ; while no etl'ect is produced on 
enzymes, such &8 diastase and those of saliva, gastric juice, and the 
pancreas. When fibrin haa been diaaolved in dilvte hydrochloric acid, 
or changed into fibrin-peptone by artificial digestion, hydrogen per> 
oxide IB without action on it. It has no effect on foods, like albumen, 
casein, mUk, eggs, fiits, sugar, starch, and jnioe of finiita. So that 
it is inractically one of the few disinfectants which have no effect on 
digestion, and yet prevent the interfering action of wganisms. 

Van Trompt asserted that 1 part of peroxide of hydrogen in 
10,000 of polluted water, when shaken up and allowed to stand for 
twenty -four hours, was usually sufficient to sterilise a water. 
Altehoofcr, liowever, found, J that to ensure sterility, it was advisable 
to use l;irm r (quantities, namely 1 part in 1,000 parts of water. 
"Experiments made with waters purposely infected with cholera and 
typhoid bacilli, showed that both these were destroyed in twenty- 
four hours by 1 per mille of hydrogen peroxide." Altehoefer, 
beyond a slight taste, which disappeared after twenty-four hours, 
found no detriment to tiie water for drinking or domestic purposes, 
and recommends its a|^lieation for household use as a protective 
measure during any epidemics of typhoid fever or cholera. He 
suggests that 10 c.c of a 10 per cent solution should be added to a 
litre of water, or 70 grms. to the gallon. Traugott also testifies to 
its innocuous diaraeter, even when swallowed in large doses. § 

Guttmann injected peroxide of hydrogen hypodermically, but the 
oxygen was liberated as gas in the circulation, and the animals died 
of asphyxia. 

Miquel places it at the head of his list of antiseptics, making 
O'C) "rm. sufficient to sterilise 1 litre of beef tea. as against 0'07 grm. 
of mercuric chloride. Later observers give it much lower potency, 
averaging' about 0*1 per cent. 

The class of oxides known as peroxides, which contain more oxygen 
than the ordinary bases, resemble hydrogen peroxide, and are capable 
of tiie fisUowing reactions : — 

1. When heated they give off oxygen — 

HfOt - HsO + O. 
BaOs a BaO -I- O. 

2. With hydrochloric acid they generate chlorine—' 

MaOa + 4Ua = MnCla + 2U«0 + Clg. 

* BeriU Ber., voL xv., p. 1,585. f Apoth, JBeitmtg, 1890, p^ 485. 

$ OaUr,/. BaklerioLt 1890, voL viU, p. 1S9. |See undo- Ltghi, p. IOl 



Digitized by Google 



86 



DISIMFBOnOV AHD DISIHFBCTAXm 



With sulphuric acid they give (ozonised) oxygen or hydrogen 
peroxide — 

(i.) Strong aciil ; mo, + HjSO* = BaSO* 4- HjO + O. 
(IL) DUute acid : BaOj + HsSO^ = BaSO^ + U,Os. 

Many of the peroxides have oonaequently reoeiTod attention in the 
March for diainfeotants. 

Sodiom Perozide, Na^Oj, manufactured by the Aluminium Company 
at Oidboryi near Manchester, is a white powder which on exposure to 
air becomes damp and spoils, therefore must be kept in tightly closed 
tins. Tt is easily soluble in water, and acts like a solution of hydro- 
gen peroxide plus caustic soda. 

NatOt + 2HsO = SNaOH + HfOf. 

If acid be added to the iMJwdcr, hydrogen dioxide or ozonised oxy- 
gen is produced, according as the acid is weak or strong. 

Jacobsen* mixes dioxide of barium, strontium, or calcium with 
any desired metallic salt" Peroxide of barium is cheaply obtained in 
Brin's oxygen process. G^urbonic acid of - the air, in the presence of 
water, causes it to yield peroxide of hydrogen. 

Schone is of ofnnion that peroxide of hydrogen exists naturally in 
the atmosphere and in waters. The point is not yet proved, t 

Dr. Richardson proposes to saturate peroxide of hydrogen with 
iodine (very little dissolves), then to add 2h per cent of sea salt, and 
to use the mixture as an antiseptic spray in an " atoiniser." 

Peroxide of hydrogen and o/.oue with other products are formed by 
the slow oxidatioTi of essential oils in presence of air and water, 
especially if wariucd. Such a product, consisting of turpentine oil, 
water, and air, was patented + under the name of "Sanitas;" more 
recently § resin, resin oil, camphor, and thymol have been added. 
These antiseptics would supplement the action of the peroxide of 
hydrogen or OKOne that might be present (see p. 215). 

J. T. Johnson || causes air or oxygen to pass through a mixture of 
9 parts of water and 1 part of spirit of turpentine» maintained at the 
ordinary temperature. When sufficiently saturated with osone, it is 
used as a disinfectant for wsshing wounds. 

A convenient test for the presence of peroxide of hydrogen is to add i 
a drop of potassium bichromate solution and a little dilute sulphurict 
acid to the disinfectant. A blue colour is produced on shaking' 
with ether. " Sanitas " answers to this test when freshly prepared. 



* Patent No. 1,711, 1882. f Chem, ITewt, April 27, 1894. 

t Patent No. 974, 1878. § Patent No. 1,172, 1888. 

I Patent Nu 14,884, 1884. 
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NITRIC ACID AND OXIDES OF NITROGEN. 

Nitric Acid, HXO3, when pure is colourless, and Ijas a not very 
powerful nitrous o<lour, as compared witli the lower oxides which give 
tlie colour and sufTocuting snjell to the impure acid. Its specific 
gravity is 1-52, and boiling point 113° C. As one of the strongest of 
oxidising agents, it is actively disinfectant, bat also very corrosive and 
pcnsonoiUL It isftUWtiM ovguuc matters to nidi oompouids as oxalie 
acid, and then finally to carbonic add and water, being itself reduced 
snooesdydy to the lower oxides of nitrogen, which in turn combine 
with the organic snbetanoes to form nitro-derivatives like pyroxylin, 
nitroglycerin, and picric add. The latter class of bodies, when solnble 
or volatile, are themselves poisonous and disinfectant. 

Nearly all metals are attacked by nitric add, giving nitrates and 
oxides of nitrogen, for instance — 

3Ca 4- SHNOt = 8Cii(N0»)s + 2X0 + 4H|0. 

If 8iil|diaric add be added at the same time, the whole of the nitric 
wad is driven off as nitric oadda 

Nitric acid vaponrs are white, and are much less injarioas than the 
red vapours of the oxides. ^ itric oxid^ NO, is coloorless, but turns 
red in air, forming higher oxides according to the quantity of oxygen ; 
all these are exceedingly poisonous, since they form compounds with 
the colouring matter of the blood. They may be described as irritant, 
depressant, and narc(»tic. 

Dr. Calvert (1872) ranks the antiseptic p< j we r of nitric acid in dilute 
Holution as aliout equal to that of hydrochloric. 

Nitric acid fumigation wa-s introduced in 1780 by Dr. J, C. Smith 
for a violent outbreak of typhoid in the British Fleet. For his success 
he was voted j&5,000. On a large iron sand-bath over a brazier were 
placed a number of sUmewace capsules, eadi containing 12 grammes of 
oil of vitriol; when hot enough, powdered nitre was added little by 
little. On stirring with a glass rod, the nitric vapours were evolved 
in abundance as a thidc white mist The apparatus was carried about 
among the patients, who unfortunatdy were affected with violent 
eong^bing. Severe bronchial irritation followed, and some destructive 
action of the surroundings. 350 grammes of nitre in 27 capsules were 
used for the one hospital ship. The fumigation was daily repeated 
for a week. The heat should not be too great, and the disengagement 
should be gradual. 

The horrible stench at once disappeared, and the epidemic was con- 
quered in three weeks, the deaths falling ou the first day from 31 
to 9, and then steadily to the end.* 

* Vallin, JHtiJ^«ctanU>, 1882. p 
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Nitrogen Tkkndde, NgOs, is a red gas of suffocating odour, eombining 
with water to form nitrous acid, HNO^. Girard and Ftebst* describe 
KjOj as a very strong disinfectant in doses so weak as to be not 
dangerous, the odour Ijeing rather aromatic and etherial. Unfortun- 
ately, nitroLTfn trioxide is a very unstable substance, and is «lmost 
always accompanied by tbe <»tlu'r oxides of iiitrot;en. Tlie above- 
named authiirs patcnttMl the use of '* cliaml)er-ciystals,'' or nitro- 
sulphuric acid, in a tower tilled with coke. The putrid emanations 
from closfts or sewers are caused to pass up this tower, and, being 
moist, tliey dilute and decompose the chamber-crystals, which evolve 
this gas — 

8S09(KOi)OH -f HsO » 2HsS04 -f KtOa. 

The gases on passing out are quite innocttoua. f 

Haddan} mixes an aqueous solution of sodium or other sohible 
nitrite with sulphuric acid (5 parts of acid in 1,000 parts of water), 
and adds the resulting dilute nitrous acid to sewage. The nitrogen 
trioxide transfers oxygen to the organic matter, and is re-oxidised by 
the air, so acting in tbe well-known way as a carrier from the atmo- 
sphere to the sewage, so that "all organisms are destroyed.'' Although 
theoretically this action enables a small «|u:intity of oxide of nitrogen 
to do an unlimited amount of work, yet in j»raotice the disinfection by 
nitrous eonipounds has proved expensive, and has uo advantages over 
other metho<ls. 

Nitrites are somewhat antiseptic ; internally they are dangerous 
{Lauder Brunton). 

Nttrie PttNUdde, NO^, is a red irritant gas, easily condensed to a 
brown liquid. If it were desirsble, the latter would be tbe most con- 
Tenient form for use, and could be obtained in sealed tubes or syphons 
like Sulphurous acid. It is made by heating nitrate of lead. 

Pb(NO«)t = PbO + SNOt + O. 

Guyton de Morveau, in his classical work, found that this gas 
was a fteble disinfectant, but irrespicable and dangerous. Payen § 
places KOg in the front rank among disinfectants. He uses for a qiaoe 
of 40 cubic metres, 1,600 grammes of nitric acid, 2,000 of water, and 300 
of copper turnings tied up in a thick paper bag to moderate the action. 
Even thus it is liable to become too violent, and much of the nitrie 
acid is wasted as nitrous oxide or even nitrogen. Three-fourths of the 
nitric acid remain behind as cupric nitrate, and tliis, of course, would 
act slowly as a liquid absorlx'nt. Payen's process was carried out in 
sealed rooms durini; the siege of Paris. He allowed forty-eight hours 
for complete disinfection. The cost is oliviously very hii^h. 

• J)t*in/. tU« Lalritua^ 18S1. t Tatent No. Ls,-t6G, 18t»l. 

X Patent No. 4,714, 1885. § Cvmpttn Htndw, March 0, 1S71. 
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' Notter * says tint an atmotphera ooutalning 0'85 per cent of nitro- 
gen peroxide killed all bacteria in putrid beef tea in forty-eight hours. 

Sternberg f states tbat 1 per cent, of nitrogen peroxide in air will 
sterilise Taocine in six honrs, while J per cent, was not disinfectant. 
He makes this power to be identical with those of sulphurous acid and 
chlorine. There is, therefore, no apparent ben^t resulting from its 
use. Severe bronchitis and several deaths from poisoning liave been 
recorded as resulting from breathing this gas {Angus Smit/i). 

Nitrous Ether (ethyl nitrite), C^H^NO^, was tried both as an anti- 
septic and disinfectant by Peyrusson and by Ouillaumet in 18^1. The 
former considered that it disengaged ozone.! Vallin's experiments 
prove it useless. § Mi(juel states that in tifteen to twenty days at 
20' C. it was absolutely incapable of destroying the vitality of bacteria.)| 

Nitrobenzene will be alluded to among organic compounds. 

In conclusion, tbe opinion is irresistible that nitric disinfection is 
the worst of ail metiiods, and under no circumstances should be 
allowed. Fortunately the patents are few. 

SUItPBUR AMD ITB GOXPOUliDflL 

The abundance of this element in voloanio districts, and the charao- 
teristic odour of its o(Mnpounds, sulphurous acid and sulphuretted 
hydrogen, seem to account for the fact that sulphur and its compounds 

have had the earliest reputation as antiseptics and disinfectants. 
In Fawkes' translation of Theocritus we read — 

" Next with pare aalpbnr pnrge the house and bring 

The purest water from the freshest spring. 

This mixed with salt and with green olive crown'd 

Will cleanse the late contaminated ground." 

Sulphurous acid is still the oj[}icial disinfectant ; its ease of applica- 
tion and cheapness being its principal merits. The element itself, in 
the form of Howers," is dusted on plants to kill aphides, and i» 
extensively used for vines against Oidium^ as well as for hope and 
seeds. Here it, undoubtedly, by slow oxidation, gives off sulphurous 
add. Mixed with soap it generates an alkaline sulphide, and thii in 
turn, by the action of the carbonic acid of the atmosphere, liberates 
sulphuretted hydrogen. Given internally, as ** flowers " or *' milk ** 
isi sulphur, it also creates sulphuretted hydrogen in the body, evolved 
subsequently by the skin, and killing or enfeebling such parasites and 
micro-organisms as cause many of the skin diseases. 8o brimstone 
and treacle," and the modem '* sulphur l<»enges," reach their repnta- 

• Joum, Med. Science, Dublin, 1881, p. 508. 
t Nat. Board of //., Washington, liiSl. t Compten Ilendw, 1881, p. 492, 
8 DiMtftctanUt p. 2U. II Org. de l Atmosph., p. 291. 



. d by Google 



90 



DiaiNFEOIIOK AKD DISINFECTAHTS. 



tion. In ointmeuta also it is ftbaorbed. The utility is undoubted, 
tiiough the ftctfon u dow. To quicken it, it nmtt be combined with 
oxygen or hydrogen, so aa to be aoluble in water, and diffbaible in 
air. 

Solphlirettod Hjdrogsn, This gas is slightly heavier than air, 
soluble in water (3 volumes dissolve in 1 of water at 15*5* C.)i sightly 
aoid, and blackens silver and some other metals. Its odour is well 
known, and it acts as » depressant poison, reducing the blood colouring 
matter of animals to methaMiioglobin, which is incapable of carrying 
out respiration. It is, thcrofore, not suitable for an at rial disinfectantk 
Since it destroys most hactpria, especially that of tuljercle, Dr. 
Bergeon* lias employed it with marked .succosa, l)y anal injections of 
the saturaicd H(|ueous solution, for pulinoiiary plitliisis, «tc. Niejice 
inhales the «^s, but the former plan seems better, as not so toxic, 
since Clatide l^ci nard has cstablislicd the fact tliat some Efases, which 
are poisonous when jxissed into the arterial system, l)Cconu' innocuous 
ia the venous-per-intestinal absorption. Breathing continually small 
quantities of sulphuretted hydrogen is without doubt injurious to 
health, producing aniemia and low vitality. 

The soluble sulphides of the alkalies and alkaline earths have similar 
properties, giving off the gas on exposure to air. Hence probably the 
use of sulphur springs for cutaneous affections. 

Dr. Percy F. Frankland found that sulphuretted hydrogen was 
iletrimental to the vitality of .^rtrj7/?<Ar pi/ocyaneiis, Koch's bacillus, and 
JSpiriliitin Finldtrif the ones s])» ciaUy selected as typical ; also to the 
majority of microbe*?, a few, however, thriving on it.f It must be 
remeinl)('r<>d that sulphuretted hydrogen is itself one of the products 
of putrt!facti<m, one class of organisms, represented by Beyyiitton (the 
" scwa^' fungus"), not only reducing the sulphatt^s to sulphides, but 
also 1 oiivcrting the latttM* into solid, and often orystiilline, sulphur 
witliiu tlu'ir prutophism. To such, which are not the more dangerous 
ones, sulphuretted hydrogen would do no harm. 

This gas is a reducing agent by means of its hydrogen, sulphur 
being liberated. It is destroyed by all oxidising agents, eventually 
prodndng sulphuric acid. The action of dilorine^ bromine and iodine 
upon it has already been mentioned (p. 56). lime and alkalies, and 
salts of the heavy metals, except those of aluminium, absorb it, forming 
sulphides. Ordinarjr acids do not remove it beyond the extent of its 
solubility in water. Sulphurous acid decomposes it. 

2Ha8 + SO, = 2H,0 + 3S. 

In sewor gas ammonium sulphide, as fetid and poisonous as sul* 
phurettcd hydrogen itself, always exists, and seems to be one of the 
* Brit, Med. Joum., Dee. 18, ISSG. t Proc. Roy. Soc, vol. xlv., p. 293. 



uyiu^cd by Google 



OBniioAi nnnrFioTAm. 



01 



chiof narcotic a:ient.s in causing,' suffocation in .sewers. If paper moist- 
ened witli lead acetate be discoloured by any emanations, sewer ijas is 
indicated, unles.s it be derived from a chemical or gas works. The 
absence of sulphuretted hydrogen or of smell is, however, no proof of 
efficient disinfection. Many so-called disinfectantSi moreover, merely 
mask one smell by creating another. Even tiie presence of excess, as 
shown by the odoor of the disinfectant) does not prove efficiency ; 
there must beyond this be a sufficient percentage presenti ascertainable 
only by experiment and calcnlaidon. 

So^hor Dioxide or solphnnras anhydride, SO^, is a colourless gas of 
specific gravity 32 (air = 14*45), with the well-known odonr of burning 
sulphur. One litre weighs nearly 3 grammes. It is obtained by 
burning sulphur or a sulphide in air — 

8 + Os s S0|. 

One kilogramme of suljihur gives 700 litres of the gas. 

It is irrespirable, producing violent coughing and suffocation. 
About 5 per cent, in air has produced fatal results, causing acute 
catarrh, acid Muetations, anorexia, irregularity of the bowds, and 
permanently impaired digestion {Hirt, EtUenHmy, Ac^ i cent, 
can be endured for a length of time. A wet towel moistened with 
washing soda enables a larger amount to be &ced. 

One litre of water at ordinary temperatures dissolves 50 litres, or 
145 grammes, producing an acid liquid contaioing the unstable 
H-SO*— 

SOfl + H|0 = UaSOs. 

This liquid smells strongly of the gas, as, gradually at ordinary 

tempeniture.s and rapidly on beating, it decomposes again into sulphur 
dioxide and water. Hence it rapidly loses its strength unless well 
stoppered. (It only slowly attacks corks, so that it can be kept in a 
corked })(»ttlc.) Tn the anhydrous state it is not disinfectant; on 
adding; water it lifconies active; hence tlie term "sulphurous acid" 
-will })e us;(>(l throug]i<)Ut for this agent, as more familiar and accurate. 
It acts ill four ways : — 

1. As an acid it al)sorbs ammonia, compound ammonias, and organic 
bases like "ptomaines" and the products of growth of pathogenic 
organisms. The salts so formed (sulphites) are much less injurious. 
It has this property in common with other adds. 

S. It deoomposes sulphides and sulphuretted hydrogen, as above 
shown. 

3. It reduoss organic matters, or combines with them, to form com- 
pounds which are in most cases inert This explains its bleaching 
action on vegetable odours, as the compounds formed are nearly 
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oolonrleM. But the action is evannoeiit, m on expocnre to air it is 
oxidised to sulphuric add, and the eolonr often reappears. 
4. As a poison it kills living otganisms. 

The gas can be easily condensed to a colonrless liquid by pressure* 
and preserved in strong metal vessels. About 3 atmosf^eres (45 lbs. 
on the square inch) is sufficient. Messrs. fioake Co.* have intro- 
duced commercially this liquefied gas, and as it is attainable in any 
quantity at a cheap rate, it is mucli more convcniont to employ than 
sulphur. The vessels are opened by a lever attaclied to a screw. The 
jras will flow stoiidilv for fortv hours, u siii^jle svphou evolving •'>00 
litres of gas, equal to the amount ol)tain<Ml from about 1.^ lbs. of 
sulphur. They also make heriuetically st-aled tins which are suflicient 
for the disinfection of a small room. The gas is obtained by cutting 
with a knife the soft metal pipe attached to the tin. 

Whenever the anhydrous gas is used, the rooms must be sprayed or 
steamed to provide the necessary moisture to form the acid H^SO,. 

Sponges are frequently disinfected and bleached by first imm^sing 
them in a bath of hyposulphite of soda (} lb. to 1 gallon water)^ and 
then adding } lU of oxalic acid in crystals ; sulphurous acid is liberated 
and sulphur deposited in the pores of the sponges. After washing 
with boiled water, they can be kept in a weak carbolic acid solution. 

The Governments of England, United States, Belgium, France^ 
Austria, Sweden, and some others prescribe fumigation by burning 
sulphur for infected rooms. Hence, as ArnouKl says, it is the *' official 
disinfectant p<ir exceflence.'^ (Jennany, amongst European nations, 
however, does not recommend it officially. It is difficult to keep it 
alight, and various devices have been introduce<l to remedy this defect. 
When sulphur is used, instead of the compressed oxide, Coi Held and 
Louis Parkes burn it iu an iron vessel with a little spirit. Nichoils 
and Billyen, and also Yallin use 8 parts of flowers of sulphur, 
3 or 3 of nitre, and 2 or 3 of bran or liquorice powder. This would 
give a deflagration, would retain much of the sulphur in the residue as 
sulphate, and would result in rather too rapid an evolution, so that 
the inevitable leakage would be greater. Another plan is. to place it 
on an iron tray and throw a shovelful of red-hot coals on it When 
this plan is adopted, there is usually a residue of unburnt sulphur lefti. 
A chafing-dish of coals, properly protected, with an iron tray over it, 
and lumps of sulphur distributed gives better results. Even with 
these devices, it is almost impossible to keep up a combustion suffi- 
ciently long, hence the liqueiied gas, excluding, as it does, the risk of 
fire, is n)uch to be preferred. 

J. Kobertsont has devised a portable iron stove provided with an 
• Patent No. 12,238, 1885. t Patent lie 10,129, 1891. 
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evaporating or bnmiiig pan in which is phwed the chemioal to be 
evaporated or burnt, and connected with a fitn, by means of which air 
is drawn through a hose or flne to the place where they are to be 

utilised. 

J. H. Johnson * has a chamber for sulphuring clothes, rags, &c. 

Kingzett's sulphur candles are made in the form of a night-light, 
and are placed in a water-jacket as a precaution aijainst fire. They 
are nuule of sulphur with a "powerful oxidising agent," and a wick. 
These ate arranged to ])urn two liours. They are very convenient if 
they yii'ld sulHcient of the gas. Tlic cost is inodfr.it*'. 

SeaVjury s sulphur candles t also burn two hours, and differ from the 
above in having a large compound wick. Morse and iSourae's patent | 
principally affects the shape of these candles^ ( 

Neutral sulphites, such as sodium sulphite, Na^SOj, are not decom- 
posed like hypochlorites by the carbonic acid of the air, hence they 
neither smell of nor give off sulphur dioxide. Both the acid and its 
salts absorb oxygen from the air, changing to sulphates, and therefore 
they act as reducing agents. The acid or bisulphites of sodium, 
calcium, and magnesium are much use<l for preserving provisions ; 
they slowly evolve sulphurous acid gas. The sulphites, as distinguished 
from the free acid, are poor disinfectants, but a large number of patents 
have been taken out for their use either alone or in mixtures. Most 
of these patents are of doubtful utility. 

A bisulphate mixed with a bisulphite would be a convenient form, 
which would evolve sulphurous acid on being moistened, thus — 
NiiHSO^ + NallSOa ^ NajSO^ + H2O -f^ SOj. 

R, V. Tuson|| suggested the use of various metallic sulphites, and ^ 
proposed to employ a saturated solution of sulj)huroU3 acid in li<jnid 
jdienol. O. Purvis** charges sewage with sulphurous acid, then neu- 
tralises with lime and adds other substances in the proportion per 
gallon of 7'5 grains sulphurous acid, 7 -5 grains lime, 4 grains aluminium 
sulphate, and 1 to 5 grains charooaL ft 

M*Dougal and Meldrum tX state that "the prejudicial and ofiensive 
products of the decomposition of sewage matter are mainly compounds 
of sulphur and phosphorus with hydrogen or alkalies. Sulphurous 
add decomposes these, forming thiosulphates, hypophosphites, &c. 
This is the base of the process. The gas is generated by burning 
sulphur, pyrites or the spent oxide of gas works, and passed in until 
the liquid is acid." 

• Patent No. 2,567, 1883. t Pattnt No. 6,407, 189.-? : Xo. 18,434, 1891. 
§ Jotim. Soc. Chem. Industry, Feb. 29, 1892. : Pat«nt Xo. 8,045, 1879. 

T Patent No. 1,081, 1879. Patent No. 18,286, 1891. 

. ft So0 alM Van Alaing. FStsnt Ka S,M4, 1S78. tt Fktant Ko. 2jm, 1801. 



Digitized by Google 



DismncrioH avd DismncTARTs. 



Fryer and Alliott* place sewage jiails in an air-tight vessel, exhaust 
the air, then let in steam, hot air, suljihurous acid, cldorine, phenol 
vapour, or other volatile disinfectant. The action is thus more con- 
isentrated. The process is also staled to be suitable for the disinfection 
of wearing apparel, bedding, &c. There are a number of other patents 
of less impwrtancei 

Tbioeamf (Pro£ £. Reynolds) is a Uqvid formed by leading snlpbnr- 
ous acid into a bottle oontaining camphor. The resalting product 
contains 30 to 35 per cent of sulphur dioadde. Yuious other disinfect- 
ants (not oxidisers) can be mixed with it* On exposure to air it giTca 
off its sulphurous acid and leaves a white antiseptic residue of, pre- 
sumably, camphor. A 6-ounce bottle evolves about 20 litres ot gas. 
It was recommended by tho Disinfecting Ckimmittee of the House of 
Com 111 oris. 

The ofticial directions for sulphur fumigation are as follow: — l>ritish 
Local (iovernnient Hoard: IJ Ihs. of 8uli»lnir burnt o\(>r a small tire, 
in a carefully sealed room, for six hours or more. (This would give 
1"76 per cent, of sul2)huroiis acid in the air.) The wall paper is then 
to be stripped off and burnt, and the ceiling and floors tlioroughly 
washed, &c Recent suggestions of the Society of Medical Officers 
Health add that beddiog and clothes should be spread out on lines, 
that the sulphur should be burnt over a pail of water to supply 
moisture, and that the time should be twenty-four hours. In Belgium 
the disinfection is purely domesti<^ except in the esse of persons. The 
quantity ia SO to 30 grammes of sulphur per cubic metre, or 2 to 3 per 
cent. In Paris 20 grammes is used per cubic metre for forty-eight 
houi*s. In Berlin sul[>liur disinfection is not miuli employed. In 
Austria and Sweden the oificial regulations advise the use of sulphurous 
acid. The American Committee on Disinfection enjoin " exposure fiMP 
twelve hours to an atmosphere containing at least 4 per cent, of sul- 
phurous acid in presence of moisture ^ U to 2 kilos, of sulphur for 
every 28 cubic metres" — an ordinarily sized room. 

For ships arriving in the Mississippi from infectt d ports, the cargo 
is sprayed with corrosive sublimate solution, but sulphur fumigation 
is used for the hold. A battery of eighteen furnaces contained in a 
speciaUy constructed tug is used for heating the sulphur, and the gas 
mixed with air is forced into the hold at the rate of 180,000 cubic feet 
per hour by means of a fan. 100 Ibi. to 1,700 lbs. sulphur is used for 
each vessel. 

Then has been a greatjoonfliet of opinion on the value of snl- 
I^nrous acid disinfection. -^Tallin t pronounced it perfect, Amould X 
says that ** sulphuric aeidi even in the almost inapplicable dose <^ 

*FStCBlKo. ],669il877. i ISmHt iu IktUt/tdtmU, tJTyvioie, 1889,p. 001. 
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10 per cent, is an uncertain means <^ destroying spores ; even mois* 
tare does not ensure success." Dr. CoKsedebat, after a research at the 
Marseilles School of Medicine^* remark.^ " even in the highest doses 
it is too inconstant to be recognised in the disinfection of virus." 
Suv.irelli f condemns it. Miquel could not kill germs in twenty 
days. I Sternberg's e.vperinietits wore unfavourable — "it requires 
special conditions rather than aimndfince." Dr. A. J. Martin II says 
" its efficjicy is contestible, withcjut counting its j)uljlic nuisance." 

Dujanliri-Bcaumetz,*! who studied the behaviour of this yas with 
Pasteur and Roux, found that -0 grammes of sulphur, as used in the 
official French fumigation, did not kill Baeilltta arUhraciSf though it 
sterilised tubes of Taoeine^** Since Wolffhiigel's experimentsft in 1881, 
sulphurous acid has quite lost its reputation in Gwmany. Koch Xt 
obtained similar results ; he spread the spores about in a room where 
sulphur was burnt, or laid them on boards whidi were then washed or 
sprayed with a solution of sulphurous add and tested by transferenoo 
to culture solutions or by inoculation.§§ 

Dubief and Bruhl |l| state that "sulphurous acid has the roost de-> 
structive effect on aerial microbes, especially moist, acting mainly on 
.the spores of bacteria, and when pure and acting for a long period, it 
may prove fatal to dry germs." 

M. d'Abaddee states that of the Sicilian labourers engaged in 
sulphur works only 8 or 9 per cent, sutler from intermittent fevt-r as 
against 90 per cent, of those not so occupied. The sulphur works in 
the marshy plain of Catania protect the people in the vicinity from an. 
evil that causes other villages to be desertedHU This tends to prove 
that sulfAinrous a<^ is stnmgly antagouistae to malaria. 

Br. P. Frankland*** found that it killed several pathogenie 
organisms. Baumann destroyed B, tubereulc*i$ with it, and has cured 
several cases of early phthisis by burning sulphur. 

Klein has foinished the key to these discrepancies by showing 
that although "most pathogenic microbes do not thrive in an acid 
medium, some putrefactive and zymogenic organisms can thrive well 
in add— e.^., BaeUhu subtilu, Jdieroeoeeus urtas in add urine, iic" ftt 

* jr«m« «fe HygkMt 1891. t Gkm, Soe. ItaL d^Efff,, 1890. 

X Lea Org. vivanU de VAtmonph., 1883, p. 289, elMf. 
iMfd. Xeirso/Philfohlplun, Morch 28. ISS."). 

11 Soc. de Med. FuLiique, 1892. Bull, de VAmd. de Med.t Sept. 9, 1884. 

** See Rochard'B EneyHopaedU d'Hyf/iene, vol v., 1S93. 
ifMUIk»a,a,d.Kai$.€f€mmdh,tV€lH.,p.m, p.m 
H Wolffhugel and Proskaaer, Chem. CentralhUUt^ vol. xiiL, p. 334. 
I ll Complea Btndus, 1S89. ^HJoum, Soe, Chm. Jnd., roL I, p. 515. 

Proc. Roy. Soc, vol. xlv., p. 292. 
tH Micro-organism and Z>Mea<M, 1886, p. 258. 



Diyiiized by Google 



96 



oiiiifnonov akd msuKwmMJsm, 



Thnwforef sulphur diainfeciioii, though generally euocewlul, may 
sometimes &il. Wynter Blyth is also of the same opinion. 

M. Thoinot sums up thus in his Report to the Committee of Public 
Myffiene <^the Seine, 1891 — "The disinfection by sulphurous acid is 
only a practice of waiting, but it is a good practioeb and ought not to 
"be despised." * 

It W51S objected to the halogens tluit they were apt to corrode the 
fabrics submitted to them. The same thing is liable to happen with 
t>u]i)hurous acid, as its oxidation in air leaves behind, sulphuric acid, 
which is nut volatile. 

SulphuHiUS acid and the bisulpiiitea are widely usc(i for preserving 
food. They act ( 1 ) by absorbing oxygen, (2) by suspending the growth 
of moulds and ferments, like those of the yinous, acetous, lactic, and 
butyric fermentations. Tn canned goods they are objectionable, as 
they dissolve tin and lead from the metallic envelope. Dr. Pfeiffer, of 
Munich, asserts that large quantities of sulphurous acid and bisul- 
phites in beer, ikc, are undoubtedly injurious to health. The 
maximum allowed for wine and beer in Austria is 8 milligrammes per 
litre, on the basis of the opinion of the Medical Faculty, ]March 19, 
1887. But at least 40 milligrammes per litre might be allowed 
without iujury.f Nessler says that 2*7 to 5*4 milligrammes per litre 
is 8u£Scicnt to prevent secondary changes in wine, whilst 22 milli- 
granimes suppresses fcnnentatiou for fully twenty eii^ht days. 

Calciuiu bisulphite and sul[>liurous acid in more than a minute 
trace spoil the llavour of most foods, £»iving a flatness ami metallic 
taste which is distinctly perce[)tibU'. These salts are extensively used 
in beer (in lining's), in wines and fruit syrups to absorb o.xygen, and to 
hinder secondary fermentations. They are the least noxious of pre- 
parations of this kind. L. PfeifTer, in a paper on the poisonous aotioii 
of sulphurous aeid and its salts, | states that sulphites are sometimes 
Added to wine in sudi quantities as to produce injurious results. Out 
of eighty specimens of wines examined Kammerer, sixteen contained 
sulphites in quantities ranging firom *017 to *093 gramme per litre, 
list detected sulphites in a laige number of French wines, tiie amount 
varying from "OOi^ to *135 gramme per litre. Their presence in wines 
is likely to cause irritation, if the quantity of acid exceeds 0'08 gramme 
per litre. 

Johnson and Saladin§ propose an apparatus for cleansing grain, 

* See alto Klein, Lawas and Ungard In BtpcH qfJi. Off, tiff Lead Ow. Board, 
1884^ on " Chlorioe aod BalphnroBs add on Swine fem vinu ; sad Crodkshaak's 

Bactfr'iolo'jii, 18S7, p. 150. 
t Lehmanu's IJyjicne^ tr. by Crookes, 189J. 

XMtd, OkmUek, Oct., 1880l | Patent No. 689, im. 
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freeing it from dnst^ gemu, dee;, by blowing and waahini^ or sterilising 
with svlphnrons add, Tapour of bisulphide of carbon, or other gas or 
-vapour, by a tower arrangement down whieh the gndn frUs and is 

distributed and mixed in its course by lia.ffli«g or deflecting pins. 
Thiosulpbates (the hyposulphites "of oommeroe) are antiseptii^ but 

not strongly. 

Solphnric Acid, H.>SO^, stands next to hydrochloric as an antiseptic ; 
it is only partially a disinfectant. Koch first announced that the 
cholera bacillus was affected by acids. Kitasato subsequently showed 
that this acid and hydrtjchloric destroyed cholera ^ernis in a few hours. 

A. Stutzer* states that a solution of 0 05 per cent, of suljihuric acid 
is fatal to cholera biicilli in fifteen minutes (see Klein's remark, ante, 
p. 95). He tried 0 02 per cent, which took twenty-four hours; 0 03 per 
cent, evm Ibr five hours <Bd not kill all. He also examined whethw inm 
pipes could be disinfected by sulphuric add wi&out the metal being 
ccmoded, with tiie result that it deaned out rust and sediment without 
sensibly attacking the metal. He estimates that 100 kilos, of 60* B. 
ssJ^uric acid (1 lb. of acid to 40 gallons of water) would disinfect 
40,000 litres of water at an expense for add of about 0*9d. per 100 
gallons of water treated. Dr. IvanofiT t has also demonstrated that 
0-04 per cent, of this acid destroys cholera bacilli in Berlin sewage^ 
and 0 08 per cent, in that from Potsdam. 

According to Mi(iuol. 2 or '^ grammes of sulphuric acid produces an 
equal eflect to 7 milligrammes of mercuric chloride. Endemann J 
found it very difficult to devilof) bacteria in lluids containing acid 
])hosjiliatf"<. Whitthread's juitent, 1^72, for precipitating sewage by 
acid phosphate <>f lime and then milk of lime, was tried at Luton in 
1874, and very favourably reported on by Corfield. He used a solution 
of 1 in 1000. The use of acid phosphates was proposed previously 
by David Forbes, and several patents daun them as didnfectants. § 
Kndwnann has also shown that many adds are powerfully disinfretant^ 
destroying the life of bacteria completely, even if present in small 
quantities (but not of spoiesf). One part of hydrochloric acid in 64 
parts of Ckihn's fluid wdl stocked with bacteria, destroyed these com- 
pletdy. 

The toxine Cculaverine, CsHj^N., (Brieger), occurs in the products of 
cnltivatum of the cholera bacillus. Kol>ert || says that it is less dan- 
gerous when converted into a neutral salt. To this he attributes 
partly the benefit derived in cholera from add drinks (see p. 261, 

* ZaudL/OrBw., 1898, pi 116. t /Md, 18M, p. 86. 

* Chem. Netes, voL xlL, j). J 52. 

§ Cortieia and Parkes, on Treatment and UtUiioUon ofSewtigt^ 1887, p. 308. 
It Pharm. Ccntralhaile, ISQi, p. 162. 
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ClMp. ziii}> and fiom waaluag tiie Inteitiiim with Mid liqnida, of -whieh 
wnik anlfdmrio k tlie heat, espeeiaUy m it liai been shown that the 

cholera bacillus itself is affected by traces of acid. 

Bohe* is of the opinion that whilst sulphuric add, 1 in 800, is 
antiseptic in some cases, it cannot be depended on as a general 

antiseptic. 

The Sulphates are not perceptibly antiseptic. ]Miquel concludes 
that sotliuni and potassium .sulphates, even dissolved to saturation in 
beef tea, are incaj)ablo of ]>n' venting the germination of bacteria. 
Sulphates of lime and magnesia actually encourage the growth of 
many organisms, being reduced to sulphides. Those of iron, mercury, 
and some other metals depend for their power on the base present, 
and not on the add. 

Bisulphide of Caibon, 08^ is a coloarless liquid, very volatile (boiling 
point 48^ C), and exceedingly inflammable ; the vapour has cansed 
dangerous ezplodons. It is heavier than water (sp. gr. 1*S72), and 
insoluble in it. It has ordinarily a most clbnnve odour and is ex." 
^mely pdsonous, its vapour forming in the blood methffimoglobin« 
with destruction of the oorpusclee.! In Patent No. 3,208, 1878, M. 
Simon exposes meat to the vapour of this compound for preservation. 

Dujardin-Beaumitz used carbon bisulphide internally for typhus and 
diarrha'a, and found that "all offensive (kIouts were removed from the 
breath and the st<H»l8 were disinfected. "! 

By burning it generates largo <juaiitities of Hulj>hurous aci<l mixed 
with carl)on dioxide. The yield cminot well be increased by dissolving 
sulphur in it, as the latter mostly remains unburnt in the di.sh. 

Messrs. Price «k Co. have devised a lamp for burning this liquid, so 
as to generate these gases,§ but it must be used with caution on 
aooonnt of its volatility and inflammability. 

Oarbon bisulphide is decidedly antiseptic, but its characteristics 
prevent its use. In combination with sulphides of alkalies it yields 
the sulphocarbonates, sueh as the potasnum salt KfiS^ which crystal- 
lises in yellow needles, soluble in water and unstable. With an 
alcoholic solution of potash it fonns an ethyl'Snlphocarb(mate or xan^ 
ihate, CS(00,H5)Sir. 

According to P. ZolIer,|| small quantities of xanthates mixed with 
the soil prevent the formation of fungi. Zoller and Gretell recommend 
potassium xanthate as a remedy against PhyUoxera, 

*I[pgiene, 1800, p. 357. 

tSee Wesfebeitir, Ztitteh. /9r jfnaL Chem,, v6L xxxi. [4], p. 484. 

X Comptes Rendus, vol. xcix., p. 509. § Parkes^ Sy^Me, p. 517- 

II Dingl. pol. vol. ccxxL, p. 191; voL OOOCiL, p. 190. 
% Btr.t voL viii., pp. 802, 955. 
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Dr. Bon oonsiden that the poisonoiu aotion of eubm liisiilplude 
pffaetioally oxdndes it fiom me m » disiiifteUuit. 

Aqueooi aolntums oontaimiig 1 or 2 of carbon Usvlphide 

per litre havo also been found very satiafiMstory agaanat Pkj^hxmt,^ 

BOBXO AOm AMD B0BATX8. 

BOlie or Bando Aeid, H3BO3 (or HBO,. H^O) ooeors in inodoroQBf 
pearly oryBtalline acales, sparingly soluble in water (abont 4 per cent), 
and more soluble In alooboL The crude Tuscan volcanic borax has to 
be refined for preserratiye usee. It has been proposed, in an Italian 
patent, to import it in the native solution, but the cost of tranqtort 
would thereby be increased. 

It is a weak acid, almost tasteless in dilute solution, and has no 
corrosive action either on tissues or metals ; this and its absence of 
odour, with a certain amount of preservative power, and little effect 
on animals, have letl to a larf,'e number of patents for the use of boric 
acid and borates for preventing the putrefaction of aniiiuil and vege- 
table substances. It is in no sense a disiufectant, and its antiseptic 
powers are low, altliough for many years it has held a place jvs a 
preservative for meat and vegetables. The original discoverer, Gahn, 
sold in Europe two mixtures — (1) bcnic acid with 1 part alum, cslled 
'*aseptino;" and (2) boric add with 2 parts alum, called *<double 
aaeptine.** It seems probable that he recognised in the alum a greater 
activity than in the boric add. ProviBions in part preserved by boric 
add are generslly within one or two months covered with a black 
crust, but the presence of alum prevents this action taking place. 
Lehmann found that fresh beef with 1 per cent, of boric acid and 
50 per cent, salt pickle kept for several months at SO'F. Endcinann 
proved t that Iwjric acid acted as a preservative to fresh meat oidy, 
and that previously salted meat could not bo preserved by it. 
Lehmann infers in these cases it is nut the boric acid that acts as a 
preservative but the substances jiroduced by it, i.e., the acid phos- 
phates (see under suljihuric acid, p. 07). Ho states that "other 
mineral Jicids give exactly the same results without boric, especially 
phosphoric and hydrochloric." I 

Hiqud classes it as "moderatdy antiseptic.*' It required 7*5 
grammes to *' neutralise " a litre of beef tea. 

According to Lasarusf milk can only be preserved by boric acid 
if the quanti^ added exceeds that whidi can be used without altering 

• CompUt Rendut, 1891. pp* 1118, 1283, and 1330. 

t Chem. NetcA, April 2, 1880. 

t Lehmann, Pmr/ical Ifijgitm, 1893, voL iL, p 247. 
i ZdU,/, Jdygicne, voL viii. 
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the taste. The microbicidal action of boric acid is very feeble. He 
is of the opinion that from 1 to 2 grammes |ier litre is without action 
(compue Miquel); yet Stokes* states that 1 in 1000, or roughly 
7 grains per pint, of boi-ic acid will keep luilk "sweet" for forty 
hours. The difference is a question of time. 

Maitern finds 1 per 1000 retards the coagulation of milk from 
twenty-four to thirty-six hours. 

This acid has no action on vinous fermentation ; it retards the 
formation of acetic acid from alcohol by mycoderma aceti only when 
acetic acid is not already preiicnt.f Lehmann sums up thus — " preser- 
vation by boric add cannot be considered as involving a new 
principle ; it is merely a variation o^ but by no means an improve- 
ment on, vinegar pickling. The insipidity prevents its easy detection, 
and brings castomers to the belief that the meat is fresh. This 
pecnliarity is the only one recommending the use of boric add." 
Dr. C. T. Williams, of Brompton Hospital, proved that the acid 
excercisod no destructive influence on the bacilli of phthisis. In 
fact they increased abundantly in boric solutions and develop spores. 
• A warm saturated solution of boric acid was recommended by Pasteur 
as an antiseptic in cases of puerperal fever, but has been supersetlod 
by mercuric chloride in tlie lyini^'-in hospitals of Paris. Tiie 
application of it to wounds and ulcers has decreased,* and in the 
French Army Medical Service four times as much sublimate wool 
is used as that iin{)regnated with carbolic or boric acids. The latter 
wool contains from 14 to 36 per cent, of boric acid, which is in great 
part Grystallised» and therefore irritating to the skin. This crystal- 
lisation may be prevented by keeping the wool moist by glycerine.§ 
There is no doubt that boric acid does preserve food when used in 
sufficient quantity. The earlier investigators employed such strengths 
as 1 in 12 {John de la Croix) ; | to 4 per cent. {Neumann) ; whiist 
Vallin, who used 2 to 4 per cent, of the add, states that this strength 
kills germs when borax only stupefies them.|i 

Borates. — Those occurring naturally are Tincal or native Borax, 
Boracite or Magnesium borate, and Borocaldte or Calcium borate, and 
others of less itnjxirtance. Those which are soluble are somewhat 
antiseptic; they are (lecoiiijiosed by .strong acids. The acid magnesium 
biborate is one of the most soluble, and may therefore bo a useful salt 
for preservative purposes.1T 

Borax, or Sodium diborate, Na.B^O-, occurs in large transparent, 
crystals, inodorous, liaving an alkaline taste and reaction, and soluble 

• Analyst, 1891, p. 123. t Ilerzcn, Bifdermann'a Centralblatl, 1880, p. 487. 
: Lancet, vol. i, 1890, p. 1266. § Chemia and Drtvjgist, Feb. 18th, 1883. 

il Koi/iii, p. 149. 1 BrU. Med. Joura., 18S8, p. 1184. 
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in 12 parts of water. M. Dumas, in Aug., 1872, introduced boric 
acid and borax to the French Institute as preservatives for food. 
Borax may be used to neatndiae the acid developed in milk bj 
keeping. E. le Cjon * thinks that meat presenred by bmnx it not 
diminished in nonrishment, and is more readOy assimilated. Snbie* 
qnent investigators have^ however, arrived at an oiqwute condnsion. 

Ammimiiioi Borate is more soluble ; a strong solntion has been 
injected into bodies for dinection. 

Among the numerous patents are — No. 2,375, 1877, Taylor^ 
calcium borate; No. 3,001, 1880, Artimini, "bono tartrate" as an 
antiseptic; No. 4,010, ditto, ditto, boric acid and borax; No. 1,127, 
1882, J. Imniy, preserving irirat with \x>r\c and malic acids ; provi- 
sional protection ; 1882, Haddan, borax, glucose, and boric acid 
evaporated till solid, for provisions; No. 5,153, 1882, Pielsticker, boric 
acid melted with sodium pliosphate and formats, "very soluble and 
almost titsteless, for provisions ;" No. G, 134, 18S2, J. Towiiscnd, boric 
acid, (Sec. ; No. 274, 1883, Wilkins, ditto (these two are mainly 
mechanical); No. 1,429, 1883, Conron, boric acid, borax and potas* 
sinm nitrate, "half a pint of concentrated solutioa to a barrel of 
3G gallons," for various infusions ; No. 5,326, 1883, Lake, glycerine 
and boric add (not heated, compare BarfT's patent). 

•'Borogljcexide,'' Ka 1,332, 1881, F. & Barff, d^wrves farther 
mention. "Heat glycerine to near its boiling point, and add 
boric acid as long as dissolved. Keep at 200* C. as long as water 
comes off. Animal or vegetable matter is preserved by immersion in 
a solution of the compound in water, alcohol, or Other solvent." Boro- 
glyceride claims to be glyceryl tribanUe-—' 

CtHs(OH), -I- 3HB0^ = CgHsfBOak + 3HsO. 

How far, like other esters, dilution breaks it up again into glycerine 
and the acid, is not apparent. Tlie solution lias a ditierent taste from 
the materials, but the general properties are intermediate in their 
character. It has hardly answered expectation. See under Olyoerim 
(p. 226) for the therapentic effect of that body. CSaldnm and sodium 
boro-glycerates, obtained by heating caleiam borate or borax with 
glycerine till the whole forms an oily liquid which solidifies on cooling, 
are recommended by Le Bon t for preserving food and for surgeiy. 

It will be noticed that most of the above devices are intended to 
increase the sparing solubility of boric acid. It is one of its dbarao- 
teristics that, though having so feeble an affinity for bases, it seems 
always ready to form more or less stable combinations with other acids 
and with neutral bodies. 

* Bied, Caiir, Agr, Chem,, 1879, p. 809. t Comptu Sadtu, vol. xcv., p» 14S. 
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Fotassic Borotartrate or " Soluble Tartar," 'K(BO)0^B.^O^ obtained 
by heating together 1 part of boric acid, 2 of cream of tarter, 
KHC^H^O^, and 24 of water, evaporating to dryness, and treating 
with alcohbl to remove excess of acid, is a white non^erTttaUine 
powda>, inscduble in alcohol but very soluble in water. It has been 
employed as a pnigatiTe^'aad also as an antiseptic, and is the ** boric 
tartrate" of Artimini's patent mentioned above. 

Benzoboracic aoid, with oils of thyme, Eucalyptus^ Baptisia, Gaul- 
theria, and Mentha nrvensia, containing 1 part of the acid in 30 of the 
oils, is called " Listerine," and is used in surgery. There in also a 
benzo-boric mouth-wash. Salrci/lic acid is soluble in less than 600 
parts of water ; stronger solutions may be made l)y using Ixjric acid 
in the proportion of 12 parts boric acid to 1,000 of water, when a 
0-2 per cent, solution of salicylic acid can be obtainecl.* Strock's 
*' Antiseptic paper " is made with two solutions — A, alcohol 500, 
boric acid 5, salicylic 7 ; B, water 1,588, sodium tUiosulphate 60.t 
Badlauer's "Antisepsin" is a mixtiire of sine sulphate 85, sine 
iodide 25, thymol 2*5, with 10 parts of boric acid. 

L. Hansler X has recently made boroglyceride into a jelly by dissol- 
Ting it in hot water with half or an equal weight of gelatine ; he dips 
the provisions while the jelly is still liqvid, and so gives them a pro- 
tective coating. Before use the articles are washed in Inke-wann 
water. 

Boric acid is also used for preserving butter and cream, for curing 
hams, sprinkling over fish, &c. "Sodium r}iloro-lx)rosum " is borax 
and common salt. " Rirmenite," according to C. Schwartz, contains 
80 per cent, borax, 15 boric acid, 3 salt, and 2 sodium chlorate, with 
tnvces of alumina. "Glacialin " is u fused mixture of Ixjrax and lK>ric 
acid.§ These preparatiojis arc extensively used on the Continent for 
preserving meat, and the latter in this country for milk. How much 
boric acid enters into meat which is sprinkled with or soaked in it is 
not accurately known, but according to Boosen, who has patented the 
use of boric solution under pressure, 500 grammes of meat take up 
only ^ gramme of the add. Covering meat with 1 per cent, boric 
solution keeps it firom putrefaction from four to seven days. 

Hehner states,|| on ih» authority of Polenski, ^at in Germany boric 
add preservatives have been advertised under the following names : — 
Berlinite, Chinese preservative powder, Brockman's salt^ Austoalian 
aalt^ Mag<lel)urg preservative salt, and Heydrich's salt. 

The physiological effects of borates in food seem to be moie pro- 

• ItmiedeChimklndiuiridk, April 10, 1808. flbkL, FOt, W, 180S. 
t Patent Na ^liS^ 1893. § Joxmi. Soc Chetn, ImU, 1800. p. 908. 

il AnaijfU, 1880b 205. 
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aoonoed than wis formerly supposed. Artamini and PoUi ssaorted 
HuA doses of 3 or 4 gnunmes oontiiiiied for months were irell 
tolerated by men.* Large doses produce Tomiting and diarrhaaa, 

Ae:,t but dilate solntions seem to ha^e no visible efibet. Forster 
and Sohlenker have shown, in very oaieful and repeated experi- 
ments, tiiat daily doses of ^ to 3 grammes of boiio aoid added to 
hnman diet affect the absorption of nutritions snbstanoes ingested, 
irritate the intestines and cause them to cast more mucus and epi- 
thelium. Borax probably acts like boric acid. :J: Forstor concludes 
that the use of lx)ric ackl in preserved food is of questionable value, 
&s it increases the secretion of bile and the excretion of albuminous 
matters. Grul>er likewise states that the decomposition of albumen 
in animals is increased by borax. The use is said to be greatly ex- 
tending, but preparations of borax for preserving meat are forbidden 
in the German navy. 

A French oommissbn appointed to inTSstigate the inflnenoe of iMwio 
acid on the human system reported that it could be taken for a,ooi^ 
aiderable time witiiont i^joiions effect. ** Yet it is certainly neither a 
regular constituent of the body nor natondly contained in food (beyond 
exceedingly minute traces), and it is therefore probable that in time 
constitutional difficulties would supervene."! Leffman and Beam|| 
and H. A. Weber H have shown that food preservatives interfere with 
pancreatic and salivan,' digestion, borax even keeping its retarrling 
effect up to a dilution of 1 in 2,000. Both boric acid and borax delay^ 
or even prevent, germination of seeds. 

If, JUS stated by Stokes, it requires 1 in 1,000 of Iwric acid to keep 
milk sweet for forty hours, 2 grains per diem are consumed per lulult, 
and 15 to 30 grains daily by a bottle-fed baby. This amount may 
ftirly be regarded as a medicinal quantity, and it is to be hoped that 
legislation will prevent its use in the future^ 

Teata/or BomUt, — ^To a Urge quantity of the milk, or of the aqueous 
extract of the food, add milk of lime in excess. Evaporate to drynesi^ 
barn to ash, and dissolve in a little strong hydrochloric add. Filter, 
nearly neatralise the acid with lime, dip into it a piece of fosshly 
made turmeric paper. Dry this on a water bath ; if boric acid be 
present, the portion which has been dipped will show a rose colour, 
turned dull bine by dilute soda. If there be much boric acid, the 

• Annali di Chem. Med., 1877. 

t NeumaDD, Archiv./. txp. Phynol., 1881, p. Ii8. 

t Ber. deui$elL Glcm. €f«t„ voL ztL, p. 1704 

f AoMd. des Sciencft, Jan. 6, 1870. U /osM. 8o€, CAsm. /adL, ltt8» ML 
HJourn. Amer. Clu-m. Soc., 1892, p. 4. 
CompicM liendtu, 1892, voL codr., pw 131. 
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remaiiidar of the aah wlataon, if moistened with gpiri^ ignited, and 
stirred, will show a green mantle to the flame against the red of the 

caldnm chloride and yellow of the soda» The green linea of boric acid 
should be looked for in the spectrosocqpe.* Tlie quantity may bo 
determined by repeated distillation with methyl aioohol into a cmcible 

oontainini; a known weij^ht of ignited lime, t 

Ivayser I says that traces of boric acid are very widely distributed 
in nature. Carrots, beet sugar, Californiaii wines, Ac, contain it, and 
it is often introduced into the glaze of enamelled vessels. But these 
would only be minute traces, whereas as a preservative it would b© 
present in comparatively large quantities. 

nVFLTTSNOS OF OA8B8 ON PUTREFACTION. 

Bacteria have l)ccn divided into two classes — I., the aerobic, which 
live and work in presence of oxygen, and die when it is exhausted; 
their gaseous products are chiefly carbonic acid and ammonia : their 
type is Bacterium iermo, the principal agent of pntrefiuition ; they 
can be dealt with by ezolosion of air, as in preserving in tins, especially 
if sterilised first) or by reducing agents snch as sulphites ; — II. the 
anaenhie, whidi exist in absence of oxygen, and are killed by its 
presence. Many of the pathogenic organisms belong to this latter 
class. Among the products are marsh gas, sulphuretted hydrogen, 
phosphoretted hydrogen, carbon monoxide, nitrogen and ptomaines. 
Oxidising agents like chlorine, hydrogen peroxide, and permanganate, 
are their most effective destroyers. These bacteria take up the pro* 
cess where the aerobic have ceased, hence the necessity of sterilising 
before excluding the air. 

On the principle that all living beings arc first restrained, and 
finally killed by tlieir own excreta, any of the above gases should be 
to a certain extent poisonous to the micro-organisms which produce 
them. But they will be far more fatsil to higher animals, the efiects 
being not only on the blood and the lungs, but also on the central 
nervooa system ; the more highly developed the organism, the greater 
is the sensibility. § 

Caihoa dlwide, or "carbonic add*' CO^, seems to have a special 
antiseptie and even disinfectant action, inasmuch as crated waters 
and beretages haye been found to be in many cases sterilised. 
81ater|| has found that this gas in mineral waters has a remarkable 
effect in killing patbo^nic bacteria (typhoid, cholera, iSi^pAyloooeews 

* Kretabhnuur, CAem. Zeit., voL zL, 476b 

t Cassal, AncUyst, 1890, p. 230. t Chem. Zeitung, 1890. 

§ Petteukofer and Lehmann, Miinchen Arad. d. iVissenech,, 1867* 179. 
li Joum. of Pathol, and BaUeriologyf lb93, voL i., p. 468. 
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pjfogmu aurtrnf Finkler-Prior bacillos). Hoehstetter* found the 
nme in the ease of l^boid, eholera, mbbit septicsmia, MieroooeeuB 
Mroffemu, Finkler-Piior badllu, A^mffUlui ^fiaveteens, and anUuax 

bacilli but not anthrax spores. 

It is well known that fermented liquors preserved in bottles reniaiu 
stable for long periods, and thia stability seems difficult to explain 
by the self-exhaustion or deposition of any bacteria present. Bethell 
in 1848 patented a process for preservintj milk, which consisted in 
lirst Iniilinf,' the milk to cxjit-l all tlie air contained in it, and then 
saturating the liquid witii carlion dioxide. The milk when so treated 
remains fresh for a lonij time after being opened. Liquefied c^irbunic 
acid has also been used for preserving food. Thus, butter when 
placed in an iron vessel provided with a tap, and subjected to carbonic 
acid under a pressure of 6 atmoapheres until all the air has been 
driven out^ remains firesh for four or five weeks, and is not spoiled 
in flavour or oonsisteni^. Oarbonio acid may also be ii^jected into 
▼hey, giving ''a refreshing drink like ehampagne. The carbonated 
whey can be endosed in syphons and will ke^ for 6 weeks.''t Thia 
method is quite iunocuous, and should be Sttbatitnted for the use of 
salicylic or boric acid or glycerine. 

Cyanogen and hjfdroeyanic acid vapour do not seem to be so poison- 
ous to lower organisms as they are to the higlier animals. 

jVIiquel gives 0 4 of hydrocyanic acid per lOUO a-s sterilising l)eef-tea, 

Aviinonia, snI/Jnire(tel hydrotjeu, su/jihnrous acid, chluriiif, oxygeitj 
ozcnie, and ojcides oj nitrogen are described under their respective 
headings. 

* Arheiten a. d. kain. dfsundhcitsriwtr, 1887» voL ii, p. 1. 
t CUem. Trade Joum., July 15, li:>U3. 



Digitizoa by C3t.)0^lc 



106 



DISINFECTION AND DISINFECTANTS. 



CHAPTER VI. 

KBTAIiIiIC 8AI1T8. 

Salts of the alkalies and alkaline earths : Caustic alkalies— Qnicklime — 
Sulphate of lime (Gypsum)— Slaked lime ; its use as n precipitant — Sodinm 
carbonate — Acid salts — Ammonia and ammaniam carbonate. Zinc : Oxide 
—Chloride of Zino— Bonefet^a flnid— ffino sulphate, sulphite, end olhor Milt 
— y ariona petenta. Copper : FaiMmoiia aotiosi— OnpnMis chloride — Cnprie 
chloride, nitrate, snipliate, and acetate. Iron: The use of metallic iron for 
purifj-inji waters — Ferrovia sulphate of copj>cra3 ; the objections to it — Patents 
and processes — Ferric sulphate and its applications — Ferric chloride — The 
value of iron adta aa diilnfeetanta. Manganeae : The metal— Mraganeae 
perazide— Manganona •alta— Manganates— Condy's fluids—Botaattinn per- 
manganate—Other permangMiatas— Mechanical devioea— Ooat» 

SALTS OF THE ALKALIES AND ATiKALLtJE EARTHS. 

The hydroxides of potassium and sodium exercise an inhibitory 
influence on bacterial growth if they are present in quantities of not 
less than 2 to 6 per cent. ; so do the carbonates in the proportion of 
5 to 10 per cent. ; the bicarbonates have liardly any action. Miquel 
classes caustic soda as "moderately antiseptic," stating that it 
requires 18 grammes per litre to preserve Incf tea. He asserts, 
nlso, tliat nirxny other potassium and sodium salts, and cspi-cially the 
sulphates and nitrates wlieu dissolved to saturation in beet" tea, are 
incapable, even in the proportion of 500 per mille, of preventing the 
germination of bacteria. 

In laboratotiet it is noticed that the development of green Prolo- 
«o0etM occurs most rapidly in 8oluti<mB of potasdumi odcium, and 
magnesium sulphates, and sodium pboq>hate. Calcium ddoride solu> 
tions also rapidly show growths if exposed to air. Strontium salts 
do not seem to display any difference. The alkaline acetates, and 
tartrates quickly become mouldy, even in very strong solutions. It 
will be remembered thl^ all varieties of protoplasm contain salts of the 
alkalies and alkaline earths ; these, therefore, are actually favourable 
to the life of orgaiusms, and thus are always added to Pasteur's and 
other artificial culture solutions. 

Sodium chloride and the alkaline sulphates have already been 
discussed (pp. 70, 98). Forster* states that salt (XaCl) destroys the 
cholera bacillus, but not others. In curing hams the saltpetre la 
* R, Acad, Science, Amsterdam, April, liiCO. 
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added to affsefc the oolonr and taste; it liaa no proved antiseptic 
action. Since nitratss are prodnced bj the nitrifying organisms bgr a 
pmosss of oaddatiooy and reduced to ammonia by the growth of other 
bacteria, and as theae latter are very numerous the nitrates may 
properly be r^^arded as salts &Yourable to the development of many 
QtgtioiMauL 

The weak antiseptic action of potash and soda may account for 
the simihur slight aotiTity of soap, as the fatty acids do not seem to 
bsve any very pronounced antiseptic action. 

Sulphate of Lime, on account of its power of absorbing ammonia, is 
a deodorant, but cannot be regarded as an antiseptic. When used in 
agriculture it prevents the ammonia from escaping, but does not hinder 
the decay. It has been a frequent ingredient in mixtures for pre- 
cipitating sewage j it only acts mechanically, and has the great dis- 
advantage that it adds to the permanent hardness of the effluent water 
{CorJM and Fwrku), 

Cubonate of Ume, and in fiwst aU other insoluble metallic salts, are 
inert . 

Qoiddimei OaO, acts only as an absorbent; it destroys organic 
matter by its dehydrating action, and to this cause may be attributed 
its use for accelerating the decomposition of corpoes dead of infectious 
diseases. There are very few microbes that can remain active any 
length of time in a dry state, but the bacilli of tubercle have been 
known to exist in dry dust for more than a year.* The spores of all 
known species resist drying for indetinito periods.t It is not safe, 
therefore, to trust entirely to the old method of burying in lime, as, 
on disinterring, the live spores may again bc'dili'used, unless a very 
long pi riod lias elapsed. 

Slaked Lime or calcium hydrate, Ca(0H)2, absorbs acid vapotns 
and sulphuretted hydrogen, and therefore acts to a certain extent 
as a deodorant. Tallin says % that limewash applied to walls is 
in a certain degree antiseptic, as it forms insoluble compounds with 
the organic matter present in condensed pulmonary exhalations. 
For instance^ it coagulates albumen and casein. This would deprive 
bacteria of food, as shown by the experiments of PettenkofiBr, 
made for the German Cholera Commission of 1879. He oondudes 
that ''slaked lime destroys rapidly and completely the organisms 
<d putrefaction ; the proportion of h per cent, is sufficient for slightly 
altered bilge-water, but when the putrefaction is strong, 1 per 
cent, is required. The action on wood and metal is very slight, 

* 8m oa the VltsUty of BadUi! Dr. BaeliiMr, Okio SanUarg Seeard, April, IfiM. 
t Klein, in Stevenson's Hygiene, ISO.*), p, 61. 
tTraUida D4th^MMU, 1882. p. 70. 
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bat the lime removei the odour of the fattj acids of pntrefiwtbn, whi«h 
Is often more (^nBive than that of sulphuretted hydrogen." He 
mentioiis as a dtlBealty the Uooking up of pipes and pomps when it is 
used. The prccipiUition of sewage by milk of liino was the first 
process tried by the Rivers Pollution Commission of 18GS, and wot 
pronounced to be a failure.* In the act of settling, the suspended 
lime carries down the greater portion of tho organisms with other 
impurities, and renders the water clear. It lias liecn stated also that 
the lime coats the bacteria and their spf)res with :iu insoluble envelope 
uf carbonate of lime. This is the fundamental idea of the use, general 
in Leipzic, of the "8uvern mixture" for sewage (see chapter on 
** Regulations," p, 292). This theory does not seem to have been 
renfied by microscopio estaminatioii. But many investigators have 
proved that, although the changes are much delayed, the water is not 
sterilised. The liquid is rendered alkaline, ammonia is developed, 
and, in the case of sewage, the effluent soon again becomes fouL 

The State Board of Health of Massachusetts f found that it required 
about 2,000 lbs. of lime to 1,000,000 gallons of sewage to reduce the 
bacteria to an average of of what they were before. In the same 
experiments it was found necessary to odd alutn or aluminium sulphate 
in addition, to pi-event the subsequent distribution of the precipitated 
micro l>es in the ujiper layers. 

Numberless experiments on sewage have j^roved that, although a 
partial deodorant and a claritier, lime alone is not on antiseptii^ and 
still less a disiuft'ctant. 

The use of lime water for preserving eggs depends on tlie deposition 
of carbonate of lime in the pores of the shell, rendering it impervious, 
and also to the lime coagulating the albuminous envelope of the egg. 

Sodium Carbonate, "Washing soda.*— A strong solution is aatag- 
onistic to bacteria, but| as used for dothes, dec., is not effectual without 
boiling. Beinseh X says that 0*1 per cent, of sodium carbonate Ql!%fiO^ 
caused the multiplication of bscteria» whereas 1 per cent, diminished 
the number, and 3 per cent killed them in a sample of the Elbe water 
from between Hunbuig and Altona. 

Surgical instruments, after l»eiDg well washed with soap and water, 
are frequently sterilised by boiling in a solution of bicarbonate of soda, 
^ oz. to the pint. 

The acid salts of alkalies act by virtue of their acidity, as men- 
tioned under Sulphuric Acid (p. 97). Acid phosphates probably 
have the most power in this way, but none of them have rnucl^ 
value. 

• Firtl Seport i?. F. Comm., p. 52. t Reportg, 1S88-90, vol. xi., p. 737. 

X Ctntr.J. BakUt 1S9J, vol. x., p. 415. 
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Eingstttt has made lome ezperioiento on the effeota of chlorides, 
nitrates, and sulphates on the growth of mould on floar^paste^ and on 
the pntrefiiction of extract of beef. His resnlts generally corroborate 
the statements made above.* 

Ammonia is a product of the growth of many bacteria, and can there- 
fore only l)e a restraint on them when it is present in sufficient quan- 
tity to kill them by re- imbibition. Miquel classes it as "strongly 
antiseptic," saying that it requires 1*4 grammes per litre to preserve 
beef tea. 

Ammonium Carbonate, or smellint; salts, lias a similar action. The 
same antlu>iity mentions ammonium chloride and sulphate as " very 
feebly anti.sej)tic," the former recjuiriug 115 grammes per litre, and the 
latter 250 grammes (or u quarter of the weight) to keep beef tea from 
putrefying.! 

2IN0. 

Oxide of Zinc, ZdO, is a white basic powder, and, being slightly anti- 
septic and emollient, has found &vour in ointments. 

Chloride of Zinc, ZnCl^, is an exceedingly deliquescent and caustic 
salt; 10 parts dissolve in 4 of water, 1 in 1 of rectified spirit, 1 in 
4 (nearly) of glycerine. Its solution is add, tastes strongly metallio 
and astringent, and is very poisonous. Miquel placed it in his class 3 
as strongly disinfectant^" stating that 1*9 parts in 1,000, sterilised 
beef tea. It is one of the most powerful of antiseptics, ranking next 
to copper sulphate and m<>rcuric chloride. Grace Calvert found that 
a solution of albumen, to which 1 per mille of zinc chloride was added, 
required over forty days before germs developed. Koch says * that 
zinc chloride does not act a.s a j^ermicide, and that even a '» per cent, 
.solution was utterly useless. This was based on anthrax spores, whicli 
are apparently the most (lilVicuit of all to kill. Dr. Hanjilton believes 
that although it may not kill the germs it may make the surface a 
barren spot a.s far as germs are concerned — i.e., act us an antiseptic. 
Dr. Richardson made experiments with t^pued to this salt, confirming, 
on the whole, the views of Dr. Hamilton. In 1875 and 1876 Petten- 
kofer and Mehlhausen directed a number of trials in the German 
Fleet on the disinfisctant value of sine chloride. Bilge-water of a 
specific gravity of 1017 to 1030, with a slightly alkaline reaction, at a 
temperature of 20* to 30* 0., was treated with a solution of dO to 
60 per cent, strength in the proportion of 1 part to 100 of bilge. 
A greyisb floocnlent precipitate rapidly settled, leaving a neariy dear 

• Brit. Med. Jown., vol i., 1888, p. 150. 

t Mi'iuel, Leg Org. de VAtmogpUre^ 1883, 28S. 

XMUUmL a. d. k. Oesund., 1881, p. 234. 
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yellowiah liquid. AU odoiire0Med,tlie otgatiinnt seemed to be kiUed, 

and tho reaction became remarkably add. At the end of fimr 

weeks the mixture showed no signa of change. One "part of the solli- 
tion to 1,000 of bilge caused a decrease of the odour ; 2 in 1,000 com- 
pletoly removed sulphuretted hydrogen, much reduced the nncod 
smell, and proservod the liquid for fourteen days. 

A 5 per cent, solution was found to possess no corrosive action on 
iron, brass, wood, or caoutchouc. It neither bleaches nor rots ordin.iry 
fabrics, hut causes a reddening and slight smarting sensation on the 
skin. Tho deposit does not clog tho pipes or valves of tho ])umps as 
that formed when lime is used. The German Cholera Commission of 
1OT9 prescribed zinc cbloride for the disinfeotioa of bilge-water. 

In surgery an 8 per cent eolntiMi of sine chloride has been employed 
by Sir J. lister for antiseptic dressings. A solution <tf 1 to 6 per cent, 
is sufficiently strong for most purposes.* 

Sternberg f finds that a 2} per cent solution destroys bacteriay but 
a 1 per cent, solution does not prevent inoculation b^ng followed by 
death. F. Boillat t points out that although a 5 per cent, solution 
does not kill the spores of splenic fever, it is nevertheless a good anti- 
septic. He has also shown that it and zinc sulpliato both combine 
with albumen to form albuminates, and that, provided sufficient of the 
salt 1)0 added to unite with the whole of tho albumen, no growth can 
take place. In Koch's experiments he ])elieves that the (juantity of 
zinc salt added onl y precipitated part of the albumen, leaving therefore 
sulhcieni pa'iailuui for the spores on the threads to develop. 

Under the name of Burnett's Disinfecting Fluid this salt has had jin 
extensive use in this country. This fluid is made by allowing the 
solid salt to deliquesce to a syrup, then adding water, if necessary, till 
the strength is 46 to 50 per cent, cf sine chloride. 

Farkes§ strongly recommends it for excreta^ especially for military 
use. The French Pharmaooposia prescribes a solution of 1 in 6 with 
1 per cent, of hydrochl<xrio acid to dissolve the basio eUoride which, if 
present would render the solution not only turbid but somewhat 
weaker. 

Burnett's fluid and the Dublin Pharmacopoeia solution have a 
specific gravity of 2-00, but commercially, as being formed by mere 
deliquescence, are of varying strength, generally about 82 per rent. 
The " Li(|uor Zinc Chloride" has a specific gravity of 1 ( 1 -5.3, .Squire s 
Companion, 1890), contains 25 per cent, of zinc, or about per cent, 
of the chloride. De Chaumont found in a sample of Burnett's fluid 

• Vallm, DMnfedants, p. 128. 

■\BulL N. Board of Health, U.S.A.,\^S\, vol. iii., p. 21. 

tJouriu/. praktisch Ch(.m.t voL xxv., p. 300. %Hygkntt 1878, p. 400. 
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69 per oent Woodman and Tidy* give 47 to S3 per oent as the 
•trength. This -vmrutbility is a great tualt of the eolation ; it ironld 
be better to atate the percentage d sine, as in the British Pharmar 
copa ia (25 per eent. Za), Burnett's original fonnnla ia unknown 

{de Chaumont). 

The medicinal preparations are: — Lotion, 1 grain of the licfttor in 
1 oz. of water, or about 1 in 1,000 of zinc chlorido (Ijondon Ophthal- 
mic Hospital) ; paste, liq. zinc chlor. and flour, equal parts ; ul\ ccrino, 
enough to niake a thick ]>aste ; an excellent antisoj)tic for wounds 
(London Hospital); opium is often added. Compound powder, zinc 
oxide mixed with an equal weight of zinc chloride keeps the latter 
dry enough to blow into cavities. PoinU or darts of zinc chloride 
fosed in monlda and htff/k in glass tubes hare bem used in the treat* 
ment of antbiaz.t Ccmipaimd ditto, equal weights of the oxide and 
chloride mixed with 2 parts of flour and water to make astiff pastes 
are milder and leas irritating. 

The official strength for rooms is 1 the fluid to 100 of water 
(abont 1 of zinc chloride in SOO) ; for sewers and closets half this 
strength may be uscd.^ For excreta a 10 per cent, solution should 
be stirred in, using 1 part to about 9 of the excreta, making about 
1 per cent, of zinc chlorido present. 

" Eau de Saint-Liic," which is much sold in France, is a con- 
centrated impure solution of chloride and sulphate of zinc, with 
occasionally some acetic acid. Specific L'ravity, 1-G13; strength, 77 
per cent, of zinc chloride. It must not Itc used without dilution. § 

Prof Laraelongue [[ injects small quantities of zinc chloride in tuber- 
culosis to promote induration of the tissue, so as to "encapsule" the 
baeteria. 

Dr. Yidal, as an injeotion for fetid discharges, employed a solution 
eontaining 15 grammes sine chloride, 1 gramme borio add, ammonia 
to just neutralise, and 1 litre of water. IT 

Daudenant patented a prooess for sewage* * using lime, then salts of 

aluminium and zinc chloride. 
This .salt is also used for injecting corpses, using 8 litres of a solution 

of 40° Baume. 

Zinc Nitrate, Zn(N03)2, ^ ^ caustic eats deeper with less pain. 
As a disinfectant it is inferior to the chloride, and more expensive. 

Zinc Sulphate, ZnSO,, 7HoO, occurs in transparent crystals, of acid 
reaction and styptic taste ; it is emetic and less antiseptic than the 
chloride. 

• fbrmtk Medkiiu. fRM, J., 1887, vol. ii. p. 644. 

t B. Med. B. of Health. § Vallin, p. 126. 

II Lancet. July 11, 1891. f p. 346. 

* * Patent Mo. 4203, im. 
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Gftlvert states that 1 in 200 will keep beef juice for 30 day.i " free 
from animalcules and fungi." Recent inTestigations by Koch, Klein, 
and others prove that it is of no value as a germicide. Still it has 
been a favourite 8ul)stanco to mix with sulphates of copper and mer- 
cury, probably from an idea of cheapness, although it is likely th;it it 
may add to their action. Patent Ho. 19,766, 1881, treats sewage with 
zinc sulphate. 

liierl)ach stat«'s that an article sold as "urinal cakes" consisted of 
a mixture of the sulphates of zinc, copper, iron, and soda, also some 
alom with reain, the nits probably being fused with the resin so at to 
make tiiem diescdve more slowly. Holmes and Emmena* propose to 
utilise the spent liquor of batteries, containing zinc sulphate and 
sulphuric acid, as a disinfectant. 

An acid sdtttimk of sulphate of sine coloured with indigo has recently 
been used in Fkuis by M. MeiU^ for deodorising typhoid stools in 
the sick room. 

The disinfectant employed on the Pennsylvania Railway consists of 
■a solution of the chlorides of zinc, mercury, and copper, with a little 
turpentine to act as a tell-tale. W. T. Sedgwick has tested this mix- 
ture upon various typical bacteria, and concludes that its efficiency is 
duo to tlie mercuric chloride. t 

"Tuson s Disiufect.'iut " is sulphite of lime with sulphrites of alum- 
inium and zinc. Every jiound of this mixture is said to .^ive off 
7 gallons of sulphurous acid gas. ^ In his patent R. V. Tuson 
saturates a solution of zinc chloride (3 lbs. to the gallon) with sul- 
phurous add gas. Mercuric chloride may also be added.§ 

"Radlauer's Antisepsin " contains 85 parts of sine sulphate, 25 of sine 
iodide (a good but eaustie antiseptic), 2*5 of thymol, and 10 of Ixwic 
add. It is said to be very successfbl for wounds and ulcers. 

" Eau Ijamaudes " is composed of ordinary water containing 28 per 
cent sine sulphate and 20 per cent, copper sttlphate.|| 

Raymond of Paris has patented " an improved antiseptic, disinfect- 
ing, and deodorising fluid ' of the following complicated composition : — 
Parts by weight : water, 1000 ; zinc sulphate, 300-500 (t.e., a saturated 
solution) ; z.inc acetate, 10-3 ; sodium hyposulphite, 30-5 ; aluminium 
sulphate, 30-15; boric acid, 4-7; mercuric iodide, 010 to 0 25 (only 
when required very powerful).^ The hyposulphite would be decom- 
posed by the acid, and in its turn would precipitate the mercury as 
Bulpiiide. 

• Flsteat No. 4,061, 1883. t Terh. Quart., 1S93-6, vol. ii, p. 4S. 

t Lancet, 1891, vol. ii., p. 19. § Patent No. 12.222, 1887. 

, II Notice »ur le netio'itment tie la vote publtquCf VUle de Parii^ 1876. 
Ii Patent No. 11,275, 1802. 
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SbA Acetate is used as an antiseptic in opbthalmia and gonorrhoea. 

Zinc SnlpUte is insolnUe. Tiehbome and Henston* make an anti- 
septic gause bj boiling the latter with sine sulphate, then dipping in 
hoi sodium sulphite solution, and washing. Zino sulphite ZaSOp is 
predpitated in the tissue. 

Add SuipikiiM of Eine is a soluble salt, and its use as an aatiseptie 
has been patented hy Boake and Roberts, f 

Zino Su^ooarbolate is strongly antiseptic, has no odour, and does 
not cause irritation. To spray the throat in diphtheria, dec., 5 grammes 
per ounce is used ; ft^r the eyes, 4 grammes per ounce ; and for injec* 
lions, 60 grammes to the pint. These strengths seem very insufficient, 
but perhaps there is some djin^er of poisoning. 

RotUrine \ contains 4') grains each of zinc chloride and sulphocarbo- 
late, 27 of boric acid, '2\ of sodium chloride, 6 of salicylic acid, and 
1 grain each of citric acid and thymol, all dissolved in a pint of water. 
It is said to be more effective than 1 per mille of mercuric chloride. 

Zinc SaHi^teta is antiseptic and sparingly soluble. Bovet § pro^joses 
to antisepticise all houses in the course of building, by incorporating 
•5 per cent, of sino salicylate in the plaster, sosking the woodwork with 
4 per cent., and the papers and hangings with 1 per cent He says 
that the additional expense does not amount to more than 2 per oent. 
of the total cost of construction. 

All soluble sine salts absorb ammonia and sulphuretted hydrogen* 

OOPPSiL 

The soluble salts of copper have a distinctiy poisonous action on 
bacteria. They coagulate albumen, and combine with most of the 
organic acids present, to form non.putrescible salts. They absorb sul- 
phuretted hydrogen, ammonia, and compound ammonias, anfl therefore 
combine with "ptomaines." In fact, cop])er salt.s rank next to 
mercury in power a.s antiseptics. They are usetl (Kyan's metlKMl) for 
injecting timber to kill the spores of the fungi (mainly Merutius 
lachrymnns) omising dry rot. It is difiicult by law to keep them out 
of pickles and preserved vegetables, as they improve the colour and 
«dd to the keeping ijualities. Tn several cases of prosecution under 
the Food and Drugs Act, for copper in food, it has been adduced by 
Authorities that a small quantity of copper Is not injurious.|| Copper 
salts are not volatile, their aoti<»k is, therefore^ strictiy local* As anti- 
aeptios they give way to zinc salts, since any surihoe washed with 

* Patent No. 11.985, 1890. t Patent No. 8.509, 1886. 

t Dr. Better, Chtm, and Drug., 1880, p. 8S. 

I Bull Soc. Ind. MtdhouBt, 1890, p. 546. 
%8oc Ckem. JmL, 1896» pp. 538 and 70fi. 
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oopper aaUi (or mnmry) it UaitafeBd bj mlplniTattad hydrogen, 
whereas ano snlplude b whUte, Neverthelen, M. Bureg 
nended tliat onrtaina, clothing, wood, Aa, ahonld be impreigiuited 
with oopper aalta* 

CvprDU CShMde, Onfii^ ia white, almoat inaoliible ia water, hut 
aomewbat soluble in dilute hydrochloric acid. On e^osore to air it 
beo(»nea ozidiaed to eaprio chloride, and therefore acta as a reducing 
agent 

Kroncke * points out that for sewage treatment, compounds having 
a trroat aiTinity for sulphur should yield the best results. He has 
experimented with cupi-ous chloride as being a salt whicli fulfils this 
cuudition. Tt is readily prepared, very easily reinuved from Rolutions, 
and becorms much less poisonoua when oxidised. It has the further 
advantage of nut being acted on by carbonate of lime. (2) The follow- 
ing method was found suitnblo for the purification of water : — Cuprous^ 
chloride amounting to Trusinr ^® water to be treated, and ferrous 
solphato (aa &r as poaaible free from -£wric), to the extent of TirAirv' 
an added to the water. After six hours, i^^^innr 
added, and agitated for one honr. After settling for one and a-half 
hoars, the water is filtered through sand. The water, which originaU7 
contained 40,000 to 50,000 germs per cabic centimetre^ was then 
found te be completdy sterilised, clear, almost colourless, and free 
from iron and copper. The sand filter can he used a long time 
without cleansing. The cost of purifying is ostimate<l at Is. per 
1,000 cubic metres. The sediment may be burnt and the copper 
recovered. 

Cupric Chloride, CnCU, occurs as green very soluble crystals. 
Dr. Green f bas examined various copper salts as to tlieir relative 
value as disinfectants. He tried 1, 2i, 3, and 10 per cent, solutions. 
The test objects were — twenty-four hour old bouillon cultures of 
cholera, enteric fever, Staphylococcus pyogenes aureus^ anthrax free from 
spores, and spores of same dried on sUk threads, besides several mix* 
tores of excreta and wine infected with cholera, drc The 5 per cent, 
solutions were in most cases &tel after two hours, but with anthrax 
only the qwcimens on the threads were killed, and then only when in. 
contact with a 5 per cent, solution of copper diloride fiw twent y s e v en 
days^ and with the 10 per cent, solution for ei^teen days. The other 
solutions only retarded the growth. The general result is that cui«ic 
chloride is the most active, and that their relative activity is in accord-- 
ance with the proportion of copper in the compounds — viz., chloride 
1 in S*7, aceteto 1 in 3*1, nitrate 1 in 3*8, sulphate 1 in 3*9. He 

• Joum. fiir Ca^beleueht, vol. Xixri., p. 513. 

t Froc. Inn, Civil Ettg,, vol. ocUL, p. iSL Zeit, /fir Ufg,, 1893, p. 496. 
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•tatai that 5 par cent, toliitioiis of copper aalts cost approximately the 
■ame as 5 per oent earbolic add. It is also pdnted oot that aLthongh 
eupcie sulphate Is somewhat extenslTely used as a disinfectant^ the 
chloride should take its plaoe as bemg the better salt to nssb 

If the above results with anthrax be oonfirmed, there seems to be 
considerable risk attending the use of copper salts altogether, as it is 
impossible to bo certain that anthrax or other spores are absent in 

general disinfection. 

Leveson and Sbiter* proposed for purifying sewage the addition of 
cni<lf uluininium cldorido (made by treating shale with hyilrochloric 
acid), then chloride of copper, carbon, clay, and, linally, lime to 
neutralise the acid and precipitate the metals. Tlii.s patent is typical 
of a lar'^e number of complicated processes that have been introduced 
for the utilisation of this salt for sewage treatment. 

Cnprio Svlpliate, C11SO4, ffH,0, the cheapest copper salt, is sol- 
uble in 4 parts of water. To kill bacteria of pntrelkction, according 
to Miqnelft * solution of 1 in 111 is required; according to Buoholts^ 
1 in 133. Oslvert and H'Dougall found that a strength of 1 in 900 
prevented the growth of ocganisms in beef tea for eightj-six days. It 
may be taken, then, that 1 per cent, is disinfoctanti while 1 in 1,000> 
is antiseptic for roost bacteria. Kingzett also noticed that a solution, 
of 0*25 per cent of cupric or mercuric sulphate prevented putrefaction 
in broth for sixteen days ; the observation did not last longer. § 

The French authorities (lsr)2) decided to adopt oh their official 
disinfectant, in combatin'^ tlio cholera, sulphate of copper in a T) per 
cent, .solution, and, specially for the disinfection of rooms, a solution 
of corrosive sublimate and tartaric acid in the proportion of 1 of the 
former to .'i of the latter. 

£au Denv/ectante LarnattdeSj sold in France, is a mixture of the 
sulphates of copper and sine. Yallin states || that this solution usually 
contains <mly a little copper, and that when used as spray on walls- 
and floors persons entering the room just after the operation notice 
a marked cupreous taste and the styptic flavour of the sine salt. 
Vincent disinfocts fieces and the contents of cesspools with add copper 
sulphate using 6 kilos, per cubic metre per twenty-four houralf 

Odhn, in experiments on chicken cholera, oonsidered sulphate of 
copper and chloride of sine superior to borax and chloride of lime. 
But the German government have adopted neither of the former. 

Verdigris (cupric acetate) is used as a wash for destroying the 
parasites of plants, especially Ferono§fora infeatant, the potato blight. 

* Patent No. 11,641. I8S4. t Lea OryamtauB, p. 289. 

J Arch. exp. Pathol, vol iv., p. 1. § Lancet, 1S89, vol i., p. 144, 
II IH»i\f*etant$, p. 62. % CofnpL RauL, vol cxix., p. 90&. 
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Still better is the coppeislime^ugar wash of Michel Pemtb* These 
and the sulphate are also used for soaking seed, corn, &o, 

Famigatioa with eopper salts does not seem possible, but Clemens t 
proposed a lamp filled with a solution of caprio diloride in alcohol 
and chloroform, whidi when lighted is meant to give off vapours of 
copper chloride;. Reidiardtt pronounced its use to be offensive, 
poisonous, and variable. Clemens also sprinkled the straw, il'c, in 
stables infoctod with rinderpest with the same solution. For this it 
would doubtless be efficient^ but the expense would be very great, and 
the animalM must be removed. 

Bona § pro{>o8ed a mixture of cupric sulphate and alum under the 
name of " Cupralum." 

IBON. 

HfltoUie Iron has long been used as a purifying agent for waters 
exposed to air. In water free firom oxygen, carbonic add, and chlor* 
idei^ pure iron can only rust by decomposing the water itself, forming 
•a cmst of ferrous oxide which protects the surface, and liberating 
hydrogen. If oxygen be present, the ferrous oxide rapidly turns to 
red ferric hydrat^ still giving a protective coating. But if carbonic 
^id be also present in excess, it dissolves the ferrous hydrate as ferrous 
bicarbonate, which in turn is oxidised to ferric hydrate, and the car> 
bonic acid is again free to act on the iron, until the whole of the iron 
is corroflo l and the ferric hydrate has deposited as nn ochreous sedi- 
ment, leaving the water almost free from iron. The action is hastened 
if the iron contains other metals, throuuli electrolytic action. Chlorides 
of st«lium, calcium, ami magnesium are also partially decomposed, 
nitrates reduced to ammonia, and sul^thates changed to sulphides, 
which are finally precipitated by the iron. The water thus becomes 
nlkaline, and if it contain organic matter, mudi of the iron remains 
in solution. Water is tiius liable to acquire a peculiar unpleasant 
odour, due probably to hydrocarbons, and a styptic ferruginous 
taste. The iron salts not only exert an antiseptic action of 
moderate strength, but the ferric hydrate^ like alumina, effects the 
removal of bacteria, and also in the same way ** mordants" and pre* 
cipitates the colouring and other ori^'anic matters present. If lime be 
subsequently added, or it be filtered through carbonate of lirae and 
then aerated, it becomes colourless and very nearly pure. The treat- 
ment increases the amount of ammonia present, if nitrates are present 
in the original water. The harcUieas is not much ad'ected. It is 

* A. Oirard, ObsiplM JTcimIiw, 1892; vol. cxiv., p. 23K 
fDeMiteke Indwilriezeituny, 1806, p. S68. 

$ DUb^tdimtmUUlt 1881, pi 60. S ^rit, Med, Jmtrn,, 1870^ p. 238. 
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advantageons to filter also thiongli peroadda of maaganaw to complete 
the ozidatioiL 

Biacfaofa Spongy Iron Filter and **Carfe»l"* are applieatkma of 
thia inrinciple. Eirankland proved that metallic iron exerte a special 
destmctive action on bacteria, and pointed out that though bacteria 
prosper and multiply in salphurous acid, cyanides, and other poisons^ 
they are, on the contrary, rapidly destroyed by metallic iron.t 

Trvini;* causes the water to flow over metallic iron cascades, so as 
to be at onee exposed to the action of the metal and of air ; he then 
filters. 

Anderson has several patents for the agitation of water with scrap 
iron or filings, or with spongy iron reduced from native oxides by 
heating with carbon. In Patent No. 5,496, 1884, he suggests the use 
of revolving cylinders, so that the iron eontiiMially &lls through the 
water, which passes in a slow canentf Nonn forces in air by per- 
forated pipes under pressure. H An elaborate apparatus, with grids 
and special means for cleaning the metallio lurlkoe, has also been 
proposed.f 

Bisohof agitetes sewage with spongy iron, allows it to subside^ and 

then assists the separation of the iron by aeration. 

The water of the River Severn at Worcester has been purified in 
this way by agitation with metallic iron. ft 

Several patents do not reduce the oxide to the metallic state, but to 
the lower oxide, Fe^O^. It must be remembered in the use of iron 
that the metal itself cannot be in contact with the water, or there 
■would be the inevitable unpleasant taste and odour mentioned above. 
The ])uriricatioii is due to the oxides, which act as carriers of oxygen 
from the air to the organic matter present, and the core of metal is 
intended to act as a reservoir of fiesh oxides. 

MagnUic Carhid^XX oonsisto of iron ore, coke^ and sawdust heated 
together at a red heat in a gas muffle so as to fimn the oxide Fe^O^. 
The product is then extracted with dilute hydrochloric add te remove 
lime^ && 

IfagneUe Spongy Iron as used for filters is made from carbonaceous 
iron-stone (black band) by heating it in closed vessels until all vapour 
ceases to be evolved.§§ It is also used for sterilising air||)| and for 

* Patent 12,382, 1892: Joum. Soc. Chtm. Ind., 1S93, p 639. 

t Letter to the Bngineeni of the Mnaieipal Comicil, Paris, 1881, p 07 of their 

OhHcrrationK. 

t Patent So. 8.056, 1884. § See also Patent No. 10,706, 1889. 

II Patent Ko. 4,619, 1801. % Patent Na 14,735, 1801. 

Patent No. 3,461, 1887. tt Trans. San. Institute, 1892, p. 300. 

Rimmer, Patent Xo. S,357, 1S87. Candy, Patent No. 1,793, 18^ 
liij AngeU and Candy, Patent No. 14,999, 1887. 
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precipitating sewage. In a later patent iron pjrites are roasted in air 
and steam, the evolved gases (contoiniilg sulphurous acid) passed over 
ferric hydrate, mixed irith bauxite (native alumina) and the residue 
lixiviated with water. The insoluble portion is then roasted with 
coal tar, &c., short of tlio metallic state, crushed, and used with the 
solution for sewage precipitation.* 

Car/eral (an abbreviation of Garbon>£Brmm<alumina), already men- 
tioned, is similar. 

Ruftty scrap iron mixed with peat or wood-charcoal has been 
protected by Cox and Cox+ for the treatment of sewage. 

Ferrous Sulphate, FeSO^, TH^O, occurs in green crystals, soluble 
in 1 G parts of water. 

All ferrous salts absorb oxygen from the air, l)ocoming converted 
into basic ferric salts which deposit as a rusty precipitate, and acid 
&rrio salts which remain in solution. Henoe they act as reducing 
agents. Owing to the formation of iron moulds, the iron salts are 
inapplicable for the disinfection of dothin^^ in. They deodorise fetid 
liqukls by absorption of ammonia and sulphuretted hydn^gen, but at 
the same time form a Uadc coating of ferrous sulphide, which slowly 
passes to brown basic ferric sulphate by absorption of oxygen. This 
ferric coating can again absorb sulphuretted hydrogen, and again be 
oxidised, and thus acts as a kind of perpetual deodorant. | 

Virchow has pointed ont one of the inconveniences of iron salts. 
The volatile fatty acids, butyric, valeric, itc, winch cause a part of 
the oUensive odour of putrefaction, are commonly combined with 
ammonia. When iron salts are added the fatty acids are set free or 
turned into unstable iron compounds, so that the immediate effect 
of the projection of sulphate of iron into latrines is often an augment- 
ation of the fetor; this soon decreases, but usually reappears after 
a time.§ The same result would accrue on adding almost any add 
or add salt» and thus, as well as for other reasons, it is necessaiy 
to supplement the use of an add or treatment with an iron salt by 
lime. Lake,|| proposes "iron salt, then lime, then filter;" Lockwood,ir 
<*iron salt, then hot milk of lime;" and Oondor** uses ferrous 
sulphate both for the treatment of water or sewage and for the pre* 
serration of meat. 

Deposits of sulphide of iron in sewers m.iy be a souroe of danger, 
since they are liable to profluce sulphuretted liydrogen on the influx 
of any add liquid. An oxidising disinfectant like chlorine would, 

* CaaAj, Fateat Mb. 18,898, 1892. t Patent No. 1,259, 188B. 

t Kuhlmann, quoted by VaUin, p. 02. § /l/rf., p. 63. 
II Patent No. 9»953, 1884. . T Patent No. 2,560, 1892. 

** Patent No. 0^459, 188& 
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however, oaarwi it into » milph«te and allow of its remoral. AU 
ledadng dismfectants are open to the foUowing objeotiona ; (1) tbej 
permit the reduced organic matters to be oxidised again by the air ; 

(3) ihej are themselves in great part at first wasted by the free 
oiiygen of the air and the water ; (3) unless kept out of contact with 
air they lose strength more or less rapidly by absorbing oxygen; 

(4) the anaTobic bacteria are mostly reducing in their action and 
flourish readily in surroundings deprived of oxygen, whereas free 
oxygen is capable itself of killing them and destroying their food. 
With many organic substances, e.g., tannin, iron salts produce a 
black colouration and hence the French administration have pro* 
hibited the use of iron salts where pavements or gullies can be die* 
eoloared. In December, 1879, a F^ns mannfiMstorer recovered heavy 
damages frcnn a DisinfiMting Company for ttaina on his materials 
eanaed careless disinfection bj ferrons lolphate. Tallin significantly 
adds (p. 765), '*It seems tba^ the disinieotion was proved by the 
evidence to have been quite insufficient whatever may have been the 
quantity of sulphate of iron employed." Pettenkofer states that for 
the disinfection of discharges it requires 26 grammes of ferrous sul- 
phate per head per day, or about 1 in 400 on the quantity of ezcreta* 
The strength of solution recommended is 28° Banme or about 37 per 
cent, of or}'stiilli8ed ferrous sulphate, 

Miquel classed ferrous sulphate as "moderately antiseptic," 11 
grammes per litre being required to prevent putrefaction of beef 
juice. This amount agrees closely with that proposed by Grace 
Calvert, who advocated the use of a 1 per cent, solution. 

The memorandum of the British Local Government Board, 1892, 
tnja— "A substance generally availsliie in the removal of fll^ item 
privies and ashpits, and for application to foul earth and the like, 
is sulphate of iron (green copperas), either in a strong solution made 
by stirring the orystals with 6 or 10 times their bulk of hot water, 
or in the form of powder, to which form the crystals may be readily 
brou^t after desiccation.* This agent should be used in quanti^ 
sufficient to destroy all odour f and in the removal of filth accumula> 
lions it should be well mixed with successive layers of the matter 
to be removed. It cannot confidently be stated that either the iron 
salt or any available substance will efiEeot a true disinfiection of such 
masses of filth as are here in question." 

*By this they lose water of crystalliiation, which is nesrly half (44 per cent.) 
thdr weight, and heoome rather lem easily aolable. If overheated a great Boaa 
would occur from oxidatioo aad prodootioB of a baiio aalt. So that daaiocatioia 

if of very doubtful cxpcilicncy. 
tSee Virchow B remark, autet p. IIS. 
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The Soci«(y of Medkal OfBcen of Health have alao reoeatlj 

approved of ferrous aulphate for excreta. 

The Belgian GoTernment disinfect dejecta witli ferrous solphato 
(or 2 or 3 per cent, carbolic), obtaining a supply by sQspendmg » 

bucket containing 50 kilogrammes in a cask full of water. 

Germany, Austria, Sweden, anrl the UniUnl States do not officially 
use it. In Jena a mixture of 1 part of the salt to 2 or 3 of ground 
gypsum (which absorbs ammonia) is s])ririkl«Ml on the drains,* and is 
called " Liider and Seidloft's Disinfecting |x»wder." Candy t uses for 
sewage the waste iron filings from aniline works dissolved in hot 
sulphuric acicL This would give an acid mixture of ferrous and ferric 
sulphate. Kidd| mixes ferrous sulphate 30 parts» with lime 4 paxtSy 
and uses the wet precipitate with 1 pint of rafiiae soap for sewago 
treatment. Bog iron ore without lime has also been su^ested as 
a meohanioal preeq>itant, possibly acting as a feeble carrier of ox jgen, 
and a partial deodorant. 

Hanreyl proposes soda waste 1,000 lbs. to I million gallons of 
sewage, then adding 62'5 gallons of burnt pyrites dissolved in hydro- 
chloric acid, or practically a mixture of ferrous sulphate with some 
ferric chloride. He states that the specific gravity of the solution is 
1*275, and that the sewage is rapidly and crtectivcly clarified. But 
the eHiuent would be acid. Roth and Lex || show that a mass of faeces 
treated with a very strong solution of ferrous sulphate developed fungi 
in abundance. 

Ferric Sulphate, Fc.,(S0j3, in solution is brown and strongly acid. 
It is moderately antiseptic, an imperfect deodoriser, and is ojjen to the 
same objections as ferrous sulphate, except that it is not a reducing 
agent. It has recently been proposed as a cheap non-poisonous disin- 
fectant. It gives precipitatea with nitrogenous organio matters^ and 
coagulates albumen. Fkesh urine treated with ferric sulfate yields a 
precipitate containing 6*34 per cent, of nitrogen and 12*42 pw cent, of 
phosphoric add. It may be conveniently obtained by the action of 
sulphuric acid on burnt pyrites, but the solution would contain also 
some ferrous sulphate in roost cases. It has been manufactured into 
briquettes, Fe.^(SO.,).;, 91I.,(), of a greyish pink colour, which are very 
dense, and as compact as c?mcnt if mixed with plaster of I'aris. 
Phenolic briquettes are also made from 100 parts of ferric sulphate, 
00 per cent., 5 parts phenol, and 16 of water. 

Sacre and ( irimshawll use the ferric hydrate obtained as a waste 
product in the purification of zinc chloride as a cheap source lor the 



• Keichiinlt's Df'^infcrfion, 1881, p. 100. 

t Patent ^o. ]0,0UO, 1885. 

11 Handb. d. MUitcw., vol. i , p. 524. 



t Putent No. 19,587, 1S92. 
S rutt nt No. G,a94, 18S9. 
^ Patent No. 17,911, 1691. 
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prodvetioii of feme chloride or sulpbate^ to be used to purify 
sewage. 

Wohanka end Koeieii, of PMgoe, propoie edding to fisrrie sulpheto 
(brown iion ore aod solpiiiirio add) lime, end afterwards wator-glass 
(sUicato <3i soda). The patentees claim that such treatment destroys 
the or^nisms in sewage. A clear effluent is obtained after filtration.''^ 

Woltr grinds puddle slag containing 54 per cent, of iron with acids, 
then adds chalk, and inixps with sewage. Tho sludge gives a manure, 
;itk1 tho effluent is .stated to 1)6 clear and not to putrefy for months. 
« )no c ubic metre of waste water {e.g., from jMiper works) requires only 
a few grammes. t 

It is to be regretted that ferric sulphate, which could be so cheaply 
made, is not of the value that the above statement would imply. It 
does not kill bacteria unless it be of impractical strength. 

Fenic Chloride, Fe^Clg, is very soluble in water, giving a yellow or 
brown strongly add solution. In properties it resembles ferric sul> 
phate, but is said to be slightly more powerful It is a feeble oxididng 
agent» absorbiog ammonias and sulphuretted hydrogen. It chedcs 
fermentation and the growth of bacteria without killing them, unless 
it is concentrated. I With excreta it is apt to cause a vexy nauseous 
odour. Wemich gives a favourable account of ite action as a precipi- 
tant: — " Putrid and offensive material containing ammotuum carbonate 
cause a precipitate of iron oxide which carries down the suspended 
matters; the supernatant liquid is clear, and both it and the precipitate 
are inodorous, the snlplmretted hydrogen being removed as ferrous 
sulphide niul free sulphur, and the ammonia turned into ammonium 
chloride.'' § 

Sternberg says that it quickly paralyses the jwwer of infection,. 
Avhich, however, after a time revives.|| 

Drs. Hofinann and R Frsnkland, in a report to the Metropolitan 
Board of Works in 1869, recommended chloride of iron for the deo- 
dorisation of sewage and found that to deodorise 7,500 gallons, ^ gallon 
<}f perdiloride of iron was equivalent to 3 lbs. of diloride of lime or 
1 bushel of lime. The first of these kept the tank free from odour for 
upwards of nine days, whilst the lime treatment broke down on the 
third day, and that with bleaching powder after five days. 

V^allin condemns it as a disinfectant.H It has no official recognition, 
Nevertheless two English |}atenta were taken out for ite use in 1892,. 
Nob. 13,316 and 15,235. 

* Pstmt N« 278, 1887. f Wolff, DingL Pel Joum., voL eebdiL, p. 484. 
i FnnklaiMl aod Waidii Seeond Bepiirt, Joum, Soc Chem. Ind,, 1883, p. 1,053. 

§ DMn/fction'a Lehre, 1882, p. 180. 

>l Ifat, B. qfJJealth, U.8,A., 1881, voL czL, p. 4 t Loc ciL, p. 65. 



122 



DISIMFKCnOK AND DISUFECTANTS. 



IIANQAKSSB. 

The metal is at prMont oommeroiaUjr uaavaUaUe Ibr water puriiS- 
<ation; it would act like metallie iron, but with greater energy. 
^'Ferro-manganMe,*' an alloy containing up to SO per cent, man- 
ipaneae, and "SpiegeUisen" might be naefol aabsfeitates for iroa in 
water purification. 

Peroxide or Dioxide of Manganese, MnOg, found native as Pyrolusite, 
does not yield its oxygen to orc;<anic matters at the ordinary tempera- 
ture. The precipitated peroxide (hytlruted) is also sluggish. Candy 
asserts* that "sewage may l)f> puriliel hy agitation in a suitable' 
vessel with granular manganesi- dioxide, the average time of contact 
being about five minutes." Tliis statement seems to require confir- 
mation, as it is difficult to understand how any purdication other 
than mechanical can take place under these conditions. If it be 
heated strongly in dosed yessela with carbon, a mixture of the 
exeess of carbon with lower oxides of manganese or perhaps the 
metal itself is obtained. By this treatment tiie carbon is at the 
«ame time pvrified and deprived of its hydrogen and any tany 
products which may be present. Such a preparation is moch more 
•active as a carrier of oxygen than the similar one made with oxides 
•of inm (see ante, p. 117). Moreover it does not yield metal to 
the water» as iron does. Manganons carbon" was introduced by 
Bernays. 

This oxide when heated with hydrodblorio acid is the ordinary 
eource of chlorine — 

MnOi + 4HC1 = MoClt + SUsO + CV 

As mentioned under the halogens, if it be heated with a chlonde^ 
bromide, or iodide and sulphuric acid, it gives off the whole cf the 
chlorine, bromine or iodine. Such mixtures have been much used tar 
disinfecting rooms (anle^ p. 57). 

Hangftnont Salts. — Both the manganous chloride, ^fnCL, and the 
aulphate, MnS04 are slightly antiseptia Miquel calls the former a 
weak antiseptic since he required 25 grammes of it to prevent growths 
in a litre of beef tea. Page considers that these salts are good disin- 
fectants, but adduces no experiments in support of liis conclusion. 

Slater, Page, and others! proposed manganese chloride, and sul- 
phate for sewage treatment, either alone or mixed with salts of 
■aluminium. 

Chloride or sulphate of iron mixed with vitriol or hydrochloric acid, 
manganese dioxide, or hydrated ferric oxide, and ground bauxite has 

* Fttsat Ho. I{s391, mi, « t Patttit No. 8,973, 1888. 
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bMii ncNBolly Mivoontod far Wfngb tnttauBBt,^ It is 4 BkiiJittra of 
inm, manganese, and aliimiiniim lalta^ iMMsening no apparent ad- 
Ywtegei. 

Manganons nits aa raeh nay be ezdnded ftmn the Uit of naefnl 
diainfeotaate, aattaeptica, or even deodoraatiL TS107 do not oxidise 

on exposure to nir, and, thereftnre, do not aot BB earners of oxygen. 
Even if lime be added, so as to {Hrodl^tale maaganoas hydrate which 
is re-oxidised by air, the action in presence of much wat^r and axjganic 
mattor is unsatisfactory, and the expense would be preaL. 

Manganates and Permanganates. — The manganates of the alkalies 
are dark-green, unstaV)le salts ; they are produced by fusing potash or 
soda or their carbonates with manganese di<ixide in the prei>ence of 
air, or with an oxidising agent, such as potassium or sodium chlorate 
or nitrate. Impure sodium maagaoa(e» Ka^MnO^, with mnbh sodium 
chloride, is known as " Condy's Qreen Flmd it aho contains some 
permanganate (if barium chloride be added, the manganate is preci- 
pitated, and the crimson permanganate is left in solution), and is 
strongly alkaline from excess of the basa It is a cheap ozidiser, but 
aa being impure and of varying strength, is much less used than the 
permanganate. It spontaneously gives up 1 atom of oxygen with 
great readiness, turning brown and tndiud from the precipitation of 
Uie hydrated pooxide thus — 

2KsflHii04 + (KHaO » 4NaOH + 81fD(0H)« + 0^. 

If a dilute aoid be added, eren carbonic^ it changes its colour to 
crimson, forming the permanganate, wlule hydrated peroxide is again 
precipitated thus — 

SKfl1CB04 -I- 8II,80« o KtUafit + Mn(OH)« + SKaSOi. 

The decanted solution is nearly neutral, consists of permanganate 
and sulphate, and is known aa ''Condy's Bed Fluid." If evaporated 
it yields crystals of permanganate, which are purified by recrystallisa- 
tion. An application of this reaction is made in J. C Stevenson's 
patent t sodium sulphate^ ground with crude sodium manganese, 
gives permanganate when dissdved." 

Stevenson and Tatters t use dry sodium manganate 6 parts, Uesch- 
ing powder 3 parts; this yields a mixture of manganate, hypochlorite^ 
and chloride. Dupr5 and Hake § propose " a manganate with mag- 
nesium sulphate or kieserite, calcium sulphate, zinc sulphate, or boric 
acid. The manganate and one of these reagents are mixed in a dry 
£ne state of division," 

Manganate of soda introduced into sewers in sufficient quantities 

• Chem. Trades Joum,, Feb. 26, 188S. + Patent No. 2,739, Feb., 1886. 
$ Fatent No. 881, Jan., 1887. I Fatmt No. 4,288, 1887. 
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at difierant points, not only destroys oigsnic impurity, bnt prevents 
any noxions smells, and by fiarther treatment at the ontfidl, tbe 

i llluont matter may be rendered perfectly odourless, so as to be 
diaobai^ged into streams with safety. Being strongly alkaline, it 
disei^p^^es ammonia, wbich should be removed at the outfall by add 
treatment. Manganates have \wen employed by the Metropolitan 
Board of Works, and by tbe London County Council, with fair 
results. Vallin, on the conttarv, asserts that sodium manj^anate is 
almost inert. The amounts of avaihiblc oxy-jjen in two coniniercial 
Huids acidiiied by sulphuric acid, as determined by Allen in 1872, 
were — 

Green. Orinwon. 
Available oxygen ia gnunmes per litre, 3*883 3*921 

Potassiiim Permanganata, K^Mnv^O^, occurs in dark-red needles, 
which are permanent in the air, and easily soluble in 15 or 16 parts 
of cold water, giving an intensely crimson solution. In contact with 
organic matter, when acidified with sulphuric acM, it can furnish 
5 atoms of oxygen — 

K,Mn,Og + 3H,S04 = KsS04 + ^MnSO* + 3H,0 + 60. 

The solution should remain clear. If the jioid be insuflicient, a 
brown precipitate of hydrated peroxide iaik, and then only 3 atoius of 
oxygen are liberatetl — 

K,Mn,08 + HiSO« + 3H,0 = K,S04 + 2Mn(0Hu f 30. 

The jironrress of the reaction can thus be watched by the loss of 
colour of the permanganate, the final point, when excess is reached, 
being sharply indicated })y tbe persistence of the pink colour of the 
jK'rnmnganate. Its disadvantages are : — 

1. It leaves a brown stain on fabrics, and if concentrated it corrtaies 
them. 

2. like chromic acid^ it must first expend itself in oxidising snl- 
phnretted hydrogen, nitrites, ferrous salts, and most organic matters, 
before attacking organisms, which are so resistant to it that Kocb 
states * that it is applicable only in concentrated sohitions (5 per cent^) 
Miquel puts it in the third class of disinfectants, requiring 3*5 grammes 
to steriUse 1 litre of beef tea. Calvert, on the other hand, found that 
1 in 125 "prevented animalcules in beef juice and albumen for six 
days." Hankin considers it a specific for cholera Willi, t 

3. Not being volatile, it can only act locally. Condy in 1859 
proposed its employment for air-disinfection by hanging up sheets 
saturat(Hl with the solution, by sprinkling walls, and by exposing 
layers of it in dishes in infected rooms. l)v such procedure a large 
quantity of air must escape contact with the lit juid. 

• Millh. a. d, kai*. (/<«., Dec. 3, 1881. t Bril. Med. Ji.urn., Mar. 16, IbOo. 
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lolid when treated with strong snlpharie scid givee off osone, 
but the reaction is a violent one, and is dangerous in inexperienoed 
hands. 

]>emarqnajr spoke fovourably of it for snigioal use in a solution 

containing 1 in 1,000, as disinfecting very well, and as hardly irritant. 

But its action is rapidly exhausted, anil it does not prevent the secre- 
tions from retaining their virulence, and Vallin is of the opinion that 
it is of more value as an immediate deodorant than as a destroyer of 
virus * This statement lias sinoe been corroborated by £Iyth,t and 

by Klein. :^ 

4. I'enn.uig.mates do not absorb ammonia, and do not attack urea 

nor fatty acids. 

Condy and ^MitcljeU's original patent has long expired, in 1877 
the former invented a very ingenious contrivance with vertical threads 
hanging close together in a ring, down which a solution of perman- 
ganate trickled from a cirenlar basin above to a similar one below. 
This, of course, could be applied to other disinfocfeants ; with volatile 
ones it would be more effective. 

Among the numerous patents covering the applioation of perman- 
ganates for disinfecting purposes are : — Reidemeister of Magdebtti|(,§ 
'*Sma11 quantides of potassium permanganate and i>eroxide of hydrogen 
are added to water when a bulky precipitate forms, carrying down 
all suspended matter and the smallest organisms, while oxygen is 
evolved." 

Tweedie and Martin's "Crimson Salt " |! is 1 part of iKjtussiuni 
permanganate, ^ of poUish alum, 1 of borax, G of sodium chloride. 
If. 1). Condy^ proposes the use of the aluminium salt " In 1,000 parts 
by weight of a 33 j)er cent, solution of aluminium sulphate, dissolve 
53 of potassiuni permanganate by heat. On cooling, |H>tash sulphate 
alone crystallises out, leaving permanganate of alumina and exoess of 
aluminium sulphate in solution." 

Lumps for closets containing the following mixture have been 
proposed : — Borio acid 10, salicylie acid 10, potasmum permanganate 
40, potassium or sodium silicate 40, made into a hard mass.** Meyer 
uses "Dry powdered barium permanganate 35 parts, to sodium bi« 
sulphate 16 parts, mixed in the dry state ; an inert body like barium 
sulphate may be added to give bulk. If sufiicient water be added to 
form a thick syrup, ozonised oxygen will be evolved." tt 

* Vttllin, 'J'raiU-f pp. 32o-a28. 

f ** Stndies of Disinfeetents fay New UeKhods," Froe, Jt, Soc, I8M. 

t SteveoBon and Murphy's BygkM, 1898, pk 61. S D. Patent, July, 1832. 

n Patent No. 9,r)3S, June, 18H4. Patent No. 10.015. 1S84. 

** J. Hoc Chem. Ind.^im, p. &8. tt Patent No. 16^463, ISS^i. 
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Huniltoa* foam potsannm ohloimto, mBofpuMm Hm»id<% snd 
potash, satuntM tfa« aoliitioii with oRrbonic acid, and ccystalliies. 
This is simply an old method of "**J^"g permaiigHiAteu He than 

mixes it with borax. 

"Taylor's Roylat Disinfectot" is an ingenious con^vance for 
libenitinf; the lititiid in cisterns automatically. Stoneware bottles 
are lilled with permanganate and hemietically closed, with the ex- 
ception of a small glass tube which reaches t<» the lx)ttoiu. The bottle 
is inverted and j)l;iced at the bottom of the cistern. When the latter 
empties some stron;^ solution fl<nv.s out.f 

**Coudy'8 powder" contains a small proportion of alkaline perman- 
ganate and has no smell. { 

Diamfecting tablets or blocks have been proposed by ThomtoiLf 
They are prepared bgr mixing potassium permanganate or other 
disinfeetanti paraffin wax, sulphate of calcium, or any other suitable 
cement^ witii some absorbent material, such as asbestos, cotton yam, 
pnmicestone, cinders, ko, 

" Permanganate of potash is mixed with plaster of Paris or other 
CMnent or ]i],ister, and cast into bricks or balls or into perforated tin 
cases, the object being to economise the permanganate. "| 

One or two patents propose to recover the manganese or iron oxides 
precipitated in the sludge in sewage treatment, by pressing the latter^ 
adding more ferric or manganese oxi<le, if necessary, heating in a 
closed retort, utilising the atumonia and evolved gases, cooling out of 
contact with air, and \ising the mixture of carbon with nu'iallic oxides 
as a filtering medium. II The process, liowever, is not economical, as 
there is so much water to remove, and. the product is of very inferior 
value. 

M*DougaU calculated that <*at the commercial price of Odndy*s fluid 
in his time, it would cost i&l 0,400 per annum to disinfect with per- 
manganate the typhoid stools of a hospital having an average cf 30 
cases." Crystallised permanganate has since been much chei^ned, 
but the cost yet remains sufficiently formidable to prevent its ex- 
tended use, and, as already pointed out^ its applications are stmiewhat 
restricted. 

• Patent No. 6,571, 1887. 

t C/., "A similar Method for Ostenu,'' by B.S.Pioefeor,(ah<MMtaMdi>^^ 

April 28, 1S94. 

t Lancet, 1887, p. 683. § Patent No. 17.421, 1591. 

II M. Syer, Patant No. 11,049, 189S. 
t WUaon. Fatsnt No. 17,276. 1891, and otiMm 



Digitized by Google 



Hi 



CHAPTER VII. 

KSTAUUIO BAim ifmUunuO^ 

AlnXDinium Salts : Use in Sewage Precipitation — Alnma — Aluminium Chlori«I& 
— "Chloralum" — Acetate — Sulphites — General Character of the 8nlt«. 
Chromium: Chromic Acid — Potfuwiam Bichromate. Araanio: Arseniou» 
Add— Atwait«»— "Fteift Gnm"— AiMnio Aoid^FroluUftioii in Finnee. 
Imd and itt Sdte: Kitnte aad Acelate. Monaif t Oxide and Niteat» 
— Corroeive SubUmate; its power as a Disinfectant— Applications — Iodid» 
— Mercuric Imlide Soaps — Cyanide — "Ziuc Mercuric Cyanide"— Objection* 
to Mercury Compounds — Organic Mercurials. Tin: Stannous Chloride. 
Bltmutli: Snfanitnte— "DmnatoL" SUvwr: Nitrate of Silver^Osmia 

▲LnMZHIUX. 

Tn soluble aalts of nluminium genenllj mn powerfhlly aitriagenty 
Mid, Btyptie to tnstfl^ and in solutions of moderate strength are not 
poisonous. They also produce no stain on fabrics, do not act upon 

metals, and are inexpensive. On addition of lime or ammonia they 
give a bulky flocculent precipitate of hydratod alumina, oanying down 
mechanically with it not only the solid matter in suspension and any 
germs that mny l)o j)resent, btit nlso much of tho dissolvrd orijanic- 
matter, forming more or less dcHnite combinations analogous to tlio 
"lakes." Thoy have therefore been most extensively tried for sewaj^e,. 
both alone and with iron salts, lime in most cases being added. Tho 
effluent by this treatment is in most cases found to be clear, nearly 
oolourless, apparently sterile, and deprived of most of its odour. 
Unless an equivalent ti lime or ammonia is prssent, the effluent is 
aoid and has an injurious influence on fish. The precipitate or '^sludge " 
should indude all the phosjdiate^ most of the nitrogenous matter, and» 
since it contains no poisonous disinfectaal^ be available commeroially 
as manure. 

The antiseptio power of the alums and of aluminium sulphate, the 
forms most commonly used, is only slightly greater than that of the 
sulphuric acid they contain, and most authorities are of the ojnnion 

that when these salts are used in sewage treatment the germs are not 

entirely removed ; a few escape precipitation and soon commence to 
multiply afresh ; conseijuently tho (Uluciit attain becomes foul, and 
on being diluted by [t.issing into rivers, is capable of contaminating 
immense volumes of water. That the whole of the river is not polluted 
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is dne to the fact that '^pniifiad** lewige doM not readilj muc witli 
ordinary water, but flows on for long distanoes in n •apnnte Btraun. 

The "sludge" alito becomes quickly offensive in warm weather. 
Bepented attempts to utilise it as manure, by straining, pressing, 
drying, and even fortifying with phosphates, ifcc., have hitherto met 
with only partial success. 

Attempts to burn it for cement, utilising the amm(mia and other 
^ases e\ ul\<Hl, have also been made. The great difficulty is the 
removal ot' th«' water, which gives in drying, and still more in burning, 
offensive vapours. 

The follow ing is n brief summary of the processes that have been 
tried for sewage precipitation, of which many involve the use <^ 
alnmininro salts : — 

1. Ztme yVowM:— The FirH BepoH the Bivert FMulion CommU- 
sw»t vol i., pb 53, pronounoed it a failure. 

2. Lime ani a/ierwardt Ferrie Ckloritk. 

3. Ferrie Chloride alone, — ^Too expensive.* 

4. 2^inc and Manganeee Salte. — ^Unsatisfiutory. 
.■>. M. and C. Proceee, 1876. 

6. General Scott's Sewage Cement process, 1872. Lme and Clay, — 

Abandoned. 

7. llillt H Method. — 100 lime, 6 tar, 12 calcined magnesium chloride 
(mother liquor of sea water). Expensive. Sludge useless. Water 
deodorised, but biul. 

8. Jilack Ash Waste.^ — Tiiis niatt-riul must be free from calcium 
sulphide — i.e., must be old und oxidised to thiosulphate. Its use has 
not met with any degree of success. 

9. M^*e, — Superphosphate of magnesium, to add to the value of 
the sludge as manure. 

10. Helden*e, — Perrons sulphate, lime, and coal-dust or clay. 1868. 

11. 2^»r/iMef'7>AMpiblsifs<W.^Described under "Acids" (p.97}. 

12. WhiUkread^ePaUni,m2, 

13. Bird's Proceee, — Crude aluminium sulphate, obtained from 
pulverised clay and strong sulphuric acid, which are heated together, 
and the mass allowed to settle, and then filter through coke. The 

effluent is acid. 

1 4. StotherCs. — Aluminium and zinc sulphates and charcoal, then lime. 

15. The well-known A. B.C. ProcfMH. — " Alum, blood (freshly drawn,), 
clay, charcoal, some compound of manganese, and various other ingre- 
dients in smaller proportions." Tried on the large scale at Leamington 
in 1867. Unfavourably criticised by the l»oyal Commission of 1670. 

• Second Report of Setraije of Toirna CommiMnion, pp. 17 and 72. 
t Hanson, Hoy. Comm, of Metr. Hew. Discharf/e, vol. xi., p. 97. 
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16. Andenon*^, — ^**The sewage, after rabeidenoe, is agitated iritha 
aatnimted boiling eolation of erode alnmiuom snlphate^ theii milk of 
lime, then filtered through soil into the riTer.** The effluent is not 
pure, the cost is great, and the manure of little valae {Corfiekt). 

17. Lower Thames Valley, 1884. Aluminium and Ferrous Sul- 
phates ^ and Lime, — ^Rejected by a Oommittee of the House of 
Commons.* 

18. WimJiledon Process. — Spence's " aluiniuo-ferric" (composition, 
AVf).^^ soluble 14 per cent.; Fej03, 0'75; SO.j, 33*81; free acid, none; 
water, 51-44) is used with lime. In very hot weather, sodium man- 
ganate is used in juJdition, to prevent the setting up of secondary 
fermentations, and the production of offensive odours when tibe sewage 
is applied to the land. The manganate is dissolved in warm water, 
and is added to the darified sewage in the settling tanks in the pro- 
portion of about 2 grains per gallon. Nearly erety known reagent 
has been tried at Wimbledon, but up to the present tiie above has 
been found the best 

During the Royal Commission to investigate the conditions of the 
Metropolitan Discharge,t Mr. Dibdin pointed out that it is possible 
to thoroughly deodorise the sewage by means of potassium perman- 
ganate and sulphuric acid (giving ozonised oxygen) either before or 
after tlu' removal of the suspended matters by precipitation. Large 
<juantities of sodium manganate are now used for this purpose, which 
salt seems at present to be the only one of value, but the cost is 
considerable. Ferrous sulphate also remains in favour. Obviously 
the two amnot be used together, as one being an oxidising and 
the other a reducing agent, they would destroy one another. 

Parkes and Corfield summarise as follows:—'* All to a certain extent 
purify the sewage and prevent the pollution rivers, chiefly by 
rmnoviog the suspended matter, but they all leave a large amount alt 
putreseible matter in the effluent^ and at least all the ammonia.'' Most 
of the phosfAoric add is also predjutated, and in many of the processea 
the hardness of the water is increased. 

A multitude of patents exist which have been taken out for slight 
variations in the use of blast furnace slag, clay, or shale alone, either 
raw or burnt, or the products of their treatment with acids, yielding 
crude salts of aluniinitim and iron, with lime, peat, charcoal, coke, *fec. 
One or two examples may be noticed : — In Patent No. 2,068, 1882 : 
" Cannel coal broken small with 10 per cent, of alumina, preferably as 
aluminous clay or brick earth, coked in a kiln," is used as a deodorant. 
In Patent No. 13,701, 1885 : "Native aluminium phosphate dissolved 

* See a pai>6r on Sewage diipoeal, Soc Med. Off. of Healthy 1884-5, by Dr. 
Stevenaon. t Vol. xi., p. 142. 

9 
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in aetd, and tiie me nibiteiioo Smntnd In aodm tm added saooes- 

sively to the sewage. The acid and alkali neutralite one another, and 
the whole of the phosphate is precipitated." Unfortunately, phosphate 
of alnmina ia so soluble that it is the least useful phosphoric salt for 
manure. Similarly it is proposed to add aodiam alnimnate to add 
aluminium sulphate.^ 

Kruger,t after stating that Bolton, llueppe, and Frankland's experi- 
ments are not entirely exclusive, details his examination of the action 
of clay, carbonate of lime, kieselguhr, alumina, brick-dust, charcoal, 
coke, and sand, on sewage. He points out that dnely-divided, chemi- 
cally inert substances, when introduced into water, take down with 
tham the greatsr part of tiie haetaila pment The aoCimi is more 
intense the slower, within certain limits, that the depoaitton takea 
place, and the grsater the quantity of preci|ntaat supplied. 

He giyes another series of experiments with ohenucal agenta, uik 
eluding alnnuniom sulphate. The sterifimtlon is fiur grsater wbea, in 
addition to the merely physical deposition, a ohemical predpitatlon 
supervenes. In the purification of sewage water, therefore, preference 
should be given to chemical treatment, and inert subetanoes should 
merely be regarded as mechanical aids. 

Leeds t states that half a grain of alum per gallon reduced the 
micro-organisms from 8,100 in 1 c.c to 80. 

V. and A. Babes fuunil that 0 2 gramme per litre after twelve hours 
carried df»\vn all the microbes from a water containing 1,200 per c.c, 
and the supernatant liquid was sterile. The sediment also contained 
from 20 to 100 living bacteria, whereas the untreated water had 1,500 
to 6,000.§ 

A report by Lepoins, published by the I^wnkftrt Commissioa on 
Sewage, 1891, states as follows : — '*The effect of chemical predpitatioa 
is not so greatly superior to the purification obtained by simple de- 
position in tanks, as to warrant the adoption of any of the above 
processes in preference to simple mechanical treatment." 

The result of trials at the St, Lawrence Experimental Station in 
Massachusetts has shown that "a mixture of lime and aluminium 
sulphate has little to recommend it." 

Sir K. Rawlinson [| remarks, "To disinfect the sewage of the 
Metropolis would cost millions per annum, and, according to Dr. 
Parkes, the most powerful disinfectants would not give safe results. 
' Olarification ' may be accomplished temporarily by chemicals, but 

* Maxwdl Patent Not. 900 and 6,0H 1885. 

t Ze'it. f. Hyo., 1889, p. 80. * Potaltle Water, Boatoo, 1891, p. 88. 

§ Cfnlr.f. Bedieriol., 1892, vol. xii., p. 132. 
11 Joum. Soc. Art»t vol. xxxviii., i\ Uo. 
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win not then produce permanent parity. It vill cost £1,500 to 
£3;000 for eftoh nuDion galloos per diem, and even the len amomife 
will reftoh £835,000 per aniuim fat tiie Metropolis, while ezpenaee 
irffl nOse this half a miUioa.* Notwithrtaading, patent 24,080, 1892, 
pro poee e **to steiilue water without filtration hj adding alum, 1 to 2 
per 1,000, and leaving to settle Ibr twelve hoonu" 

At Glasgow aluminium sulphate and lin^ with filtration through 
ooke^ gravel, and sand, and subsequent aeration is employed before 
the water effluent passes into the Clyde. 

Aluminium Chloride, AlgCI^, occurs in white crystals, very sol- 
uble in water, strongly acid, non-poisonous, but powerfully astringent 
when diluted ; it absorbs ammonia and compound ammoniaH, but not 
suljthuretted bydrogcn, therefore it is only a partial deodorant. It 
is more antiseptic than the sulphate, and still more than alum. 
Miquel gives the minimum for sterilising a litre of beef tea as AljGl^ 
1*4, potash alnm, 4*5 grammes, as compared with mercuric dilraride 
0O7, copper sulphate 0*9, and zino cUoride 1-9, so that its behaviour 
is intermediate between copper sulphate and sine chloride. It is a 
good local disinfectant when strong. 

Sbiter and Stevens* dissolve "Glbhstte" or any alnmininm com- 
pound containing a considerable proportion of hydrate <tf alumina in 
hydrochloric acid. The acid soitttiom is used for sewage, preceded by 
lime, with the addition of clay and charcoal ground up together.! 
Attain,! Slater and the "Xative Guano Company" add "clay, crude 
alununi\im chloride, and other substances to sewage." The use of slag 
and hydrochloric acid have also been patented l)y Slater.§ In another 
patent crude aluminium and iron sulphates from shale are mixed with 
calcium chloride, yielding aluminium chloride and calcium sulphate, 
the latter being used for manure. 

Chloralum was the title given to a disinfoctant much advertised in 
England for some years, but now almost disused. Heck, of Dresden, 
states that it contains chlorides of aluminium, lead, copper, iron, and 
oakinm of various amounts. 

Wanklyn|| pronounced it to be a deodorant superior to chloride of 
lime. M *Doimall by experiments maintained that it arrested ptttre> 
Action and prevented the growth of organisms more tiian other 
antiseptics. He recommended it for washing infected matters, for 
disinfecting sewers and the soiled linen of hospitals. But O'Neill's 
experimentsU tended to show that neither chloralum nor chloride of 

* Patent No. 15,810. 1884. f See aIm Patent JHo. 16,592, 1894. 

t TtAmt NOb 17,403, Oet, 1890. § Patent Ka 1S;8S0, 1884. 

a Brit, Med,Jmar»„ "Action and Pvelative Value of Disinfeetaati," 1873„ 
p. 975L H Armj/ Med, Etportt 1871. 
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Aluminium itself arrested putrefaction. Even on adding 1 part of 
chloralum to 2 parts of organic matter, animalcules were abundant on. 
the fifth day, and a putrid odour was distinct on the seventh day. 
Aluminium chloride was slightly bettor, as the odour was delayed 
to the tenth day, with 1 part in G or H. Tallin states that 
"Cupnilum," a mixture of alum with tapper salts, lias aimed at re- 
placing "chloralum," but with no greater success. 

Aluminium Acetate has been much praised by Barow, Kuhn, 
Wernitz, and Jalaa de la Croix. It would doubtless l>e useful for 
surgical dressings, but is uniieeessary and unsafe as a disinfectant. 
Maas recommends a 2*5 per cent, solution for surgical work* 

Almniirtnm Sulphites have been recommended by Wade as non- 
p(»aonous and non>irritating antiseptics.* 

OHROMIXnC. 

Chromic Acid, CrO.j, is a powerful oxidiser, and instantly coagulates 
albumen. It combines witli a great many organic compounds, pro- 
ducing brown or yellow sulistances. This staining or mordanting 
action causes it to kill bacteria by an action on thoir envelopes. 
It ranks with the halogens, nitrate of silver, and permanganate, in 
its special action both as an antiseptic and disinfectant. Its cost 
and poisonous and corrosiye nature have ezduded it fiom the list 
4)f usefiil disinfectants. 

PotMMiiim Biduromato, KjCr.,0., is simibtr, but less vigoious, in 
its properties. 

The earlier investigators made many experiments with these two 

agents. M'Dougallf in experiments on vaodne and other virus, 
found that 1 in 2,200 of chromic acid "prevented animalcules*' 

in infusions for six days, 1 in 500 for seventy-eight days. O'Neil X 
using beef juice, states that with 1 in 120 of bichromate of potash 
there were no signs of decomposition in twenty-four days, with 
1 in 150 a great numlwr of animalcules appeared on the eloventh 
day ; on the twenty-fourth day there was still no really disngreeablc 
odour." Davaine§ found that the virus of anthrax and septicaemia 
was detinitely destroyed by 1 in 6,000 (anthrax) or 1 in 3,000 (septic- 
jemia) of chromic acid. These experiments are of no real value (Klein), 
since the conditions are inexact and are not those of actual practice. 

Lai\jorrois| to 500 cubic centimetres of nrine and Uood added 
S grammes of bichromate, and found that in eight months there was 

* Phami. Ilerurtl, Nov. 1, IbSS. t Aied. Timen nn>l Gaz., 1872; p. 485. 

Army Med. Jieport, 1872, p. 202. § Gaz. Med., 1«74, p. 44. 
II Chm, Cenir,, CL, 1884. p. 670. 
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no putrescence. He does not say whether any coagulation of the latter 
occurred. Milk with 1 per cent, of bichromate remained unaltered 
fur three months. But owing to its poisonous action a bichromate 
cannot be used as a preservative. 

Kidd has paitented a nixlare of potatsinm or aodinm bichromate, 
or chromic add, with a little sulphuric acid, for disinfecting sewage. 
Even if efficient, the expense would Le prdiiUtive. 

ASSENia 

AnenionB Add, As^Oji, is a white powder, slightly soluble in 
water (about 1 in 1,000), giving a foebly acid and almost tasteless 
solution which is yet strongly poisonous. It dissolves, however, very 
easily in alkalies forming arsenites. It is also soluble in hydrochloric 
acid as arsenious chloride, or " liquor arsenici hydrochloricus.'' The 
latter is to lie preferred as it has the additional antiseptic properties 
of a solution of hydrochloric acid. 

These compounds are deodorants, as they absorb sulphuretted hydro- 
gen and compound ammonias. 

Although arsenic is so powerful a poison to higher animals and 
insects, it has little effect on lower forms of life.* Miquel ranks 
AsgOj as ''modenttdy antiseptic," requiring 6 grammes per litre to 
prevent growth in beef tea. 

'*Oannal's solution," formerly used in Fkance for injecting corpses, 
contained 21 grammes of AsiO, and 1,000 grammes of aluminium 
sulphate per litre. Seed^rn was often sprinkled with As^O, before 
sowing, to kill fungi and insects. Copper sulphate is much better and 
safer for this purpose. 

Potassium Arsenite, " Fowler's solution," and Sodiom Arsenlta, have 
long been employed as " Sheep-<Hps," for killing insect parasites. 
Rol>ertsun patents the following preparation f : — "3 of rosin, 1 of 
grease melted with ti,^ tar oil (ciiiitaining 25 jier cent, tar acids), and 
2 of 95 per cent, phenol. Add 2 of arsenious aciil dissolved in 
H per cent, soda lye, or an equivalent ([uantity of arsenic sulphide 
may be used. The product is soluble in cold water, and has the 
proi>ertie8 of a simple carbolic dip and an arsenic dip, the tar adda 
coagulating the parautes, and the arsenic having a continuous 
poisonous elibct on their progeny." 

Aeetoanentte of Copper, " Paris Green," contains 28*5 per cent of 
arsenic and 32 per cent of copper. It is insoluble^ but is one of the 
best agents for killing insects on trees, sprayed over them in the pro- 
portion of 1 ounce to 10 gallons of water. 

* Fimakhoid sad Ward, Jmam, Soe, Cim, lud., 1808, p^ 1,068, 
t Patent No. 9;990, 1898. 
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AlMOlOBS Solphide, Ab^S,, diMolved in alkalme sulphides, is used 
in tanning to prevent tanentatiiA wd pvtraltetion. But S. Sadlon 
njs* that common uli, together with «a aUmline ralphidfl^ will 
produce the same resnlt. 

AimdIo Add, H3ASO4, ia mneh more eoinblc^ aaid reputed to be 
more poisonous, than arseniona add. Bnt neither it nor the araenatea 
are of any value as germicides. Miqael states that the potaannm aalt 
18 "very feebly antiseptic," requiring 125 grammes per litre to prevent 
growth in beef tea, while sodium arsenate is "nior]* mtely antiseptic," 
requiring 9 grammes per litre. t Loew J remarks that "the acids of 
arsenic are poisonous towards algiv only in the same degree and for 
the same reason as are acetic and citric. Larvic and infusoria live in 
a 1 per millo solution of potassium arsenate, though higher animals 
die." 

In France the use of arsenical compounds as antiseptics has been 
totally prohibited since 1876. 

Oonddering the ease and rapidity with which arsenic is diffiiaed, 
and the insidious action, even of traoea, in water, food, or air, even if 
it were a good antiaeptie, its use should be penal in all countries. 

LBJD. 

Lead salts absorb sulphuretted hydrogen, ammonia, and their 
derivativea, and are therefore deodorant. Measured by the amount 
required to sterilise a litre of broth, Hiquel daases them as strongly 
antiseptic," only slightly below sine chloride, where 1'9 grammes of the 
latter is used, 3 grammes of lead chloride, or 3*6 grammes of lead 
nitrate, are required. 

Nitrate of Lead, Fb(j^0s)2, is the basis of a "disinfectant" long 
known under the name of " Ledoyen's liquid," composed of 1 part of 
the salt in 10 of water. M. Fermond in 1858 used it in the closets of 
the Saltpetriere, and found it was efTectivc in removing the od«)iir, as 
other metallic salts would be, but it had the disnd vantage of l>cing 
easily precipitated as lead sulphate, and of covfiing the basins with a 
black coating of lead sulphide. It is expensive, and does not absorb 
ammonia readily. It is inapplicable for wounds, on account of its 
ready absorption and poisonous effect on the 8ystem.§ 

Bade Acetate of Lead, or ^'Qoulards' Extract^" is used for bums 
and bruises, but only for its cooling qualities. 

In condunon, lead compounds are of no value as disinfectants. 

* Der Oerier, 1801, vol zviL, p. 284. 
f Let Orym^ime$, p. 880. 

t Centr.f. Agric. Chem., vol. xiii., p. 68. 
§ VaUiu, Ditin/eetanU, 1882, p. 08. 
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OOMPOUKDS OF MJUttJUHT. 

Mercuric Oxide, IlgO, like insoluWo sTil)8tancos generally, has no 
action by itself on organisms, but it easily dissolves in even vegetable 
acids to form many soluble, and therefore active, salts. Admixed or 
^omliined with phenol it hu hem vted fat s "etthokte of merouiy* 
•01^ which, aoeording to Br. Woodhead,* is not a valaable preparation. 
Combined with oleic add it forms a strongly anti>pansitic haais fbr 
ointment. Oleate of menntry is in the British and most other pliaf* 
maoopcBias. 

Mercxulo and Mereoroia mtntea are strongly antiseptic soluble 
ealts, but are not need because they are cansUc and are easily decom- 
poaed by a large qnantily of water. *<XJngnentiim Hyd. Nitratis'' 

is f» parasiticide. 

Mercuric Chloride, HgCl.,, porcliloride of mercury, or "corrosive 
sublimate," is probably the most powerful disinfectant we possess. 
It will be seen that the poisonous action of a great number of anti- 
septics depends on their property of j)recipitating albumen and other 
allied ingredients of protoplasm. For example, phenol, mineral acids, 
copper and iron salts, alum, tannin, chromic acid, all form insoluble 
compounds witii albnmen. ICeremic chloride poaaosaes tikis property 
in a yery marked degree, bat the componnd ptodoced re^iasolves in 
excess of albnmen. It is, therefore, necessary to have merciiric diloride 
present in eaccess. Merentic chloride is adnble in 15 parts of water, 
and atill more in alcohol, ammonium diloride, sodium chloride, and 
dilate adds. It is exceedingly pdsonous, a dose of 2 centigrammet 
daily soon producing poisonous effects. This almost prevents ita uae 
internally, and even makes its external employment dangerous. Hence 
solutions of it used for disinfection should be coloured, preferably blue. 
Tn the United States it is recommended to add an equal quantity of 
potassium permanganate to distinguish the solution. As to the 
<*fliciency of mercuric chloride, the earlier investigators gave varying 
but very high results. Bucholtz, in a comparative list of the amounts 
of diflerent dininfectants required to suppress the growth of bacteria 
in culture solutions, places mercuric chloride in the foremost place, 
mdA recommends a solution of 1 in 20,000. t Uiquel says that a 
solution of 1 in 14,000 is dinnfiMtant^ and Stembeig 1 in 30,0001 
Koch asserts that *'a single application of a solution 1 in 1,000 or even 
1 in 6,000 is suffident to destroy the most resistant organism in a lew 
minutes; with a longer exposure it only begins to be unreliaUe at 
1 in 20^00a"$ Bavainef atated that 1 in 15,000 killed anthmx. 

* S. Jr. it. ReporU, 1888. t Arddt,/, exp. AtfAdL, vol. ir., p. 80. 

t MitthtU. a. d. L Otmnd,^ 1881, p. 234. 
I BM. de VAcauL dt Med,, July, 188a 
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Ydlin Hji thai 1 in 2fiQ0 is eflbetiTe under most vn&TOuiable cir- 
eomatanoet.* BiUroth, Haberkorn, and Kuhn likewise reotmimend it 
Therefore, though it cannot be employed for preserving food on aoooant 
of its poiSMums nature, it Ims been used for injecting corpses and hj 
most governments for local disinfection. Dr. Collingridge, in a private 
communication informs me that for ships' crew's spaces, rooms, 
after fumigation by sulphur either by the ordinary process of com- 
bustion or by the liquid sulphurous .acid, he waslu s with a solution of 
mercuric chloride of 1 in 2,000. Vessels entering the ^fississippi 
suspected of contamination are sprayed over all surfaces excepting the 
cargo with a solution of 1 in l,OOO.t The hold is then <lisinfected 
with sulphur. Since mercuric chloride is non-volatile at ordinary 
temperatures, it cannot affect the air throughout the spaces, hence it 
only acts as a strictly local disinfectantb 

But Klein has very mudi reduced the above too ikvourable ettioiates 
ot the power of this aalt He ocnisiders it an efficient germicide, but 
maintains that Koch and others have overrated it In 1885 filyth 
omdueted a series of experimoits in whidi he txetAed anthrax spores 
with 1 in 1,000 solution of mercuric dilorlde, as others had done, when 
he noticed that the bacteria were apparently killed and the spores 
ceaeed to develop ; but on then inoculating guinea-pigs with the 
l^parently sterilised infusion, anthrax rapidly appeared, the animals 
died, and the blood was 8warniiu<; with JJartffun anthracis. Jle con- 
cludes that a solution of 1 in 1,000, although it kills the non-sporc- 
bearing organisms, only stupefies and does not destroy the spores of 
MacUlus anUiracU-X Dr. Woodhead§ explains Klein's i-esult as due to 
the precipitation of the mercuric chloride by the albumen present, 
which gave a coating or pellicle of albuminate of mercury round the 
Spores, proteotiag tiiem firom forther action until they were introduced 
into the blood of the animals, when the excess of albumen re-dtssolved 
the peUide and set the organism free to flourish in its new surround- 
ings.- 

Orsoe Oalvert also pointed out^ many years ago^ that mercuric 
chloride ** destroys vibrios but not fungi;" and H. Sdiuls|| has shown 
that a solution of 1 in 600,000 increases the activity of SaeehaTomjfon 

oereviaice. 

Koch has repeated his experiments and somewhat modified his 
earlier conclusions. He still aflSrms that mercuric salts, especially the 
chloride, are most valuable. " For a ship's bilge, where a 5 per cent. 

• Train, p. 117. t Pkarm, Javnt,, 1887, p. 144. 

t Miero-organUtM of Dittat^t 1886, p. 261. 

§ Proc. Roy. Soc. of Edinburgh, vol. xv,, p. 246. 

U Pjlugtr'a Archiv.f voL xlii., p. 517. 
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■olutkm of OMrbolie mad moft be kft fat forty-fcigbt lioiin,« 1 in 1,000 
mereuric chloride solntioik only required a few minutes." He admits 
that ** there is on the other hand reason for doubting the efficacy 
this salti for though anthrax spores subjected to a 1 in 80,000 solnticHi 
for ten minutes and then washed in alcohol gave no growth in nutrient 
gelatin, silk threads infected with the spores and then exposed for ten 
minutes to a 1 in 20,000 or even 1 in 10,000 solution proved fatal to 
mice." * 

Herroun considers that the value of this substance as an antiseptic 
has V)oon very much ovfirated, as he has cultivated ordinary septic 
l):ictcria in albuminous tiltrates c<mtnininj^ 1 in 20,000 of mercuric 
chloride. " It is jirecijiitated V)y alhuincns if used in greater strengtli, 
and is readily eonverted by tlx- sulpiiur of all l>odies into insoluble 
mercuric sulphide which is practically inert. ' It may be remarketl 
also that mercuric chloride is precipitated by any alkaline solution such 
as ammonis, Ac. Lsplac^in a series of experiments found that 5 ce. 
oS blood serum was sufficient to precipitate the mercury from ^ cc. of 
a solution of the strength of 1 in 1,000, but that by adding hydrochlotio 
add in the proportion of 5 in 1,000 the formation of the precipitate i» 
prevented. Similar results are obtained when tartaric is substituted 
ibr hydrochloric aeid.t When about 10 parts of sodium chloride are 
added to 1 of mercuric chloride, the coagulation of the albumen is also 
prevented. 

It may be concluded that Klein's results are confirmed, and that 
Woodhead's explanation is at any rate j)art of the truth. It follows 
that the minimum must be raised to 1 in 500, and that the solution 
should be acidified, preferably with about ^ per cent, of hydrochloric 
acid, which adds much to the antiseptic power. If, as already men- 
tioned, permanganate is used with it, or some colouring matter like 
indigo or aniline blue be added, the advantage of the warning colour 
is obtained. In the United Ststes mercuric chloride is held in great 
esteem. Dr. Mead Bolton I gives the following table of the minimum 
strength required of various disinfectants : — 





Chloride of Ume. 




GutoUeAcid. 


Tv|ihoid bacillni, • • 
(Aolem •piriUam, . 
Awthrsx ipwH, 

IHapk^/ioeoeait oernw, 
f M aibiu. 


1 in 2,000 
1 in 8,000 
1 in 100 

1 in 200 
1 in 50 
1 in 200 


1 in 10.000 
I hi 10^000 
1 in 1,000 (?) 

••• 


1 in 100 
1 in 100 

1 in 50(?) 
(Inrfrlaiii.) 
1 in 100 
1 in liO 
1 in 100 



♦Cniokshank's Bo/CUriology, 1887, p. 150. t JirU. Mtd. Journ., 1888, p. 14g. 
i Report qfComm, on Ditit^tetaiiU <tfAmer, P. JI. Avoc^ 1880, p. 236. 
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138 DISINFECTION AND DISINFECTAVn. 

Tho Amerioaa TnWio Haalih Anodatioii reoommend a loliikion of 
1 in 600 of meieorio ohlorido to bo used for ■pore-oontAinmg infiwtod 
material, and 1 in 2,000 for that which doet not oontun qwret, u 
oompued with 0 per cent oarboUo or 10 per cent, sine chloride. 
Hands are washed in a 1 in 1,000 solution. The dead arc \( rapped in 
aheets aatorated with 1 in 500 ; walU are washed with 1 in 1»000, and 
ehips sprayed liljerally with the same strength. 

The French authorities adopt a solution containin;^ 1 gramme of 
mercuric chloride and 3 of tartaric acid ia 600 of distilled water for 
xlisinfecting rooms (Laplace's formula). 

In Paris, spraying rooms after infectious disease with a 1 in 1,000 
«oIution of mercuric chloride by means of a " pulverisatcur " has found 
much favour during the last few years, and the results obtained are 
•said to be highly satisfactory. No bad etfects have followed this 
pnwdce in Fteris, although 35,000 hooaes were disinftcted in this way 
in 1893, and considerably more in 1894. -In Berlin this practice is 
not recommended, and in India cases of salivation have been attribated 
to the use of a mercuric chloride solution as a disinfectant wash tat 
floorboards. 

The Italian Minister of the Interior has recently called the attention 
of the railway companies to a clause of the sanitary laws which is as 
ibllows: — "The whole inside of the carriage is to be repeatedly 
brushed over with a 2 per mille solution of sublimate. Cattle trucks 
-are to be thorou;rlilv washed with a solution of carbolic acid, or an 
•eeiuivalcnt tlisinfLCtant, and with corrosive sublimate when animals 
sutl't rliiL,' frum a contagious disease have been in the trucks." It is to 
be noted that mercuric chloride solution, especially if acidified, would 
rapidly injure the cushions or hangings. Dr. Thorne, the Medical 
Officer of the British Local Govemmont Board, believes corrosive 
anUimate, so iar as choleia is concerned, to be its moat potent germ- 
icide. The official ciroolar issned by Sir G. Bnchanan in April, 
1888, was confirmed by the Board in 1893. The fi>Uowing method 
is recommended: — ^"For the purposes of the nek room, each aa 
reception of soiled handkenhi^ sheets, and the like, as well as Ibr 
the swabbing of floors a Talnable disialiBctant solntkm may be made 
with perchloride of mercury. It is well to have this solution slightly 
acid, coloured also in such a way that it shall not readily be confused 
with drinks or medicines; and proper caution should be given toannd 
accidents in its use. Sanitary authorities will find it advantageous to 
have such a solution prepared under the direct instructions of the 
medical olhcer of health, and supplied at a uniform strength at the 
infected house by the order of that officer. A solution fitted for the 
desired purposes may be made with half an ounce of corrosive sub- 



* 
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Umate, 1 flnid ounce hydrochloric acid, and 5 grains of commercial 
•niliiia blue, in 3 gallons (a Iw ufcutft il) of oonmoii waiar. It ought 
not to oott mom than tbfeepenoe tbe bneketlU, and ahonld be' Airtber 
diluted. The nae of aoMnetallic yenela (wooden or earthenware) 
•hoold be ei^dned, and artiolee that have been eoaked in it abonld be 
let to soak in oomnion water for lome honra before thejr go to the 
waah." The strength of the above solntaon is 1 in 960; it abonld be 
1 ounce of mercuric diloride, or abont 1 in 500. 

l>r. C. T. WilliamSi of Brompton Hospital, states that mercuric 
chloride (as well as arsenic, boric, and strong acids) do not interfere 
with tho tuhorcle bacillus, but rather promote its growth. Dr. 
Whitelegge, on the other hand,* asserts that sulphate of iron and 
chloride of zinc arc useless, and that the best known disinfectant 
is mercuric chloride. Ratitnofft gives a table of comparative values 
of disinfecUvnts, and cites experiments .showing that amounts of mer- 
curic chloride^from 1 in 13,300 to 1 in 800,000 killed, in his experi- 
ments, Tarions infoetive organisms, which resnlts are at vananoe with 
those of other obserrers. Dr. A. Ivert in 1889 treated forty-five cases 
of Aaiatie oholera in Tonqnin with meronric chloride internally, in 
doses of "OS to 04 gramme per twenty-fonr hours. The death-rate 
among these was ISO per cent, whereas ^e general death-rate was not 
less than CC per cent He also tried it as a prophylactic agent, and in 
no case did any signs of cholera develop, t F. A. Coward § gave mer> 
curie chloride (and tinct. ferr. percblor.) internally in sixty cases of 
diphtheria. In some cases he also sprayed the throat with a solu- 
tion of mercuric chloride, glycerine, and potaasic chlorate. All were 
successful, even without the spray. 

Solutions of the strength of 1 in 1,000 to 1 in 10,000 have been 
for many years used as anti.septic dressing.s by surgeons and by 
dentists. If strong, the mercury will be absorbed, causing salivation, 
and local irritation may also be produced. The formation of an in- 
sdnble mercuric " albuminate " with the serum exuding from a wound 
Is apt to throw the mercury out of action. In Laplace's solution this 
is prevented by adding tartaric acid to the liquid (see p. 138) ; but 
Srs. Lnbbert and Schneider found that the add caused irritation to 
wounds, therefore they use a solution containing mercuric chloride 
3 parts, sodium chloride 100, distilled water 600, glycerine 100, 
rectified spirits 200, to prevent the albuminate precipitating. [| Dr. 
Wilson's solution is 1 of mercuric chloride, 1 of ammonium chloride, 
and 1,000 of water.V The "St. fiede Disinfectant,'* made at New. 

* Ltuea, 1887, 70. f Bkd, CfmbraUlatt, voL siv., p. 880.. 

t CompUt Rendtu, vol. cviL, p. 005. | Brit. Med. Journ., 1891. 
.11 Chem, and Drug,, 1803. H Pharm, Journ,, 1891, p. 86a 
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4!MtIeH>ii-iy2ie^ conaiBte chiefly of aodinm mlphata^ merearie ehloride^ 
u»d ft little eulpharic add, Ibrmed into Uodn with indigo» euealyptaf, 
and thymol.* 

M. Balme hae invented an antiseptic paper in the shape of perfor- 
ated eheeto like ]>o8tage stamps, made into a book. A white unsized 
paper is employed, as it is found not to reduce the merciirj and lose 
strength as ganse does. In the manufacture, on to each sheet is 
dropped from a pipette a known quantity of a standard sublimate 
solution. When dry they eacli contain an exactly known amount of 
the agent, and only require to be moistoned and applied to the wound. t 

"Sublimate gauze," as used in tlie (Jerinan Army, contains about 
1 in 200 or 300 of HgCI.,, and is coloured pink by magenta to dis- 
tinguish it. Sal alembroth (ammoniu-mercuric chloride) gauze is 
also made coloured with aniline blue. 

It has been mentioned that it is lietter to employ distilled water 
for making up sublimate solutions, as the carbonate of lime in ordinary 
water causes a preetpitate. As distilled water may sometimes, as in 
war, be unattainable, the difficulty can be avoided by adding an acid, 
as in the English and French prescriptions. As an alternative an 
alkaline chloride may be added; ordinary salt is generally chosen 
for this purpose. Victor Meyer eonsiders the addition of salt and 
the use of distilled water to be unnecessary, siuce he fou!! I that a 1 
per 1,000 solution of laercuric chloride made evm with a bad pond 
water kept well in the dark for two nionths. J 

C. J. l>ond§ recommends a pellet containing 4.^ grains of mercuric 
chloride and 4J of sodium chloride which can be dissolved in a pint of 
water in about three minutes, forming a solution of 1 in 2,000. Solu- 
tions made with suit do not turn milky with hard water like those 
with ammonium chloride. 

Vignonll I'oints out that as a definite strength is of the utmost im- 
portance, the permanence of the liquids must be secured. He noticed 
that a 1 per mille solution of mercuric chloride in pure distilled water 
becomes slightly turbid in from tw«ity-four hours to two or tibree 
days, and gradually gives a white precipitate. He obtained the 
following results : — 

Mercuric chl< iri<lc per litra 
(in Bulution). 

Original solution I'tK) gramme. 

Open to air for 7 days (volume retluccd by 
erapoimtiaii from 000 to 386 cc, and, 
therefore, solntioma became etranger), * 0*57 „ 

In a closed Hask for 7 days 0 97 

In a closed Husk for 22() dayi, . . . . 0*67 ,« 

• Lancet, vol. ii., 18.S9, p. 701. t Chnn. and Druij., 18S9, p. 119. 

X Ber,t vol xx., p. 2,070 (188S). § Chtm. and Drug., Aug. 9, 188a 

U C, i?., 1693, Dec. 4. 
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Colouring maUen diminisli the Ion, indigo being better then 
fvehiine (becanse the former 1i edd), but etill there is » Ion under 
the best eircnnistencea from 1-00 to 0*98 in 7, end to 0*80 in S20 daji. 
The eUceline eUoiides genereUy help the keeping power. Solutions 
vith 10 grammes of sodium, ammoninm, or potassium chloride to 1 
gramme of mercuric chloride, keep practically unaltered for a Terj 
long time. 1 per 1,000 of hydrochloric acid acts in the same way, 
and would be as useful in those cases in which its irritant effect was 
not objectionable. 

It is evident that the weakening is due to dissociation, a basic 
chloride precipitating and an acid remaining in solution. Exposure 
and heating cause the hydrochloric acid to be volatilised. The double 
salts are more stable, therefore 1 per cent, of salt, or 10 per cent, of 
hydroehlorie aeid, ihoald be added in making up the eolation. The 
snblimate dinoWea more readily when it is finely powdered and well 
agitated with the liquid, as it is sparingly soluble and rapidly settles. 

Hcorcniy Albunrfimte, the white flooculent precipitate given on mixieg 
merenrie diloride with dilute albumen, is non^putresoent, insoluble in 
water, but soluble (while moist) in sodium chloride, and in exeen of 
albumen, therefore in blood, serum, dec. Gauze impreg^nated witii it 
is a slow, but mild and effective mercurial antiseptia* 

Mercuric Iodide, Hgl^, made by precipitating a mercuric salt by 
potassium iodide, is scarlet, insoluble in water, but easily soluble in 
excess of potassium iodide, to form a double salt, potassio-inercuric 
iodide. This has lately come into use as a disinft ctunt, being said to 
have "double the bactericidal power of corrosive sublimate, while 
it is less poisonous." It was first suggested by Dr. Bernardy, of 
Philadelphia,t and has been patented in France and England by 
Collin and Benoist^t They use 1 part of mercuric iodide to 1 part of 
potassium iodide. " 5 to 15'5 grains are added to a litre of the animal 
or Tegetable liquid to be preserved. Solids are treated with a s<dution 
of 15'5 grains per litre (I in 1,000) for twelve to twenty*four hours, 
when the germs are all destroyed." They also mention mixing it 
with eucalyptus and other substances. It is asserted that a solution 
of this compound of 1 in 4,000 is equivalent to 1 in 2,000 of mercuric 
diloride. " For washing floors a solution of I in 4,000 should be 
employed, for disinfecting the hands 1 in 2,000, and for instruments 
1 in 2 to 3,000.i^ Steel instruments would be attacked unleu im- 
mediately rinsed. 

The solid compound is manufactured under the name of Iodic 

• Schneider, Pharm. Centralhlatt, 188M. p. 141. 
t BriL Mtd, JounL, 18S7, p. 78!). : Patents, Nos. 15,766 and 16.935, 1887. 

$ BriU Med. Joum., 1887, p. 789. 
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Hyditig.," and is ttated to dinolTe iritlumt deeompcMBtioa m an equal 
weight of water. It ia reoonmieiided hf Waadiejewadk finr ophthalmia 
in a strength of 1 in 5,000l " It does not predpitate albumen 
aor oanae irritation, and can even be gtren internally in doses of & 
quarter grain." It has also been compressed into tablets of definito 
weight. One soloid of "Hydrarg. Perchlor." in a pint of water gives 
a solution of 1 in 1,000. Two of ''Iodic Hydrarg." in the same 
quantity gives a strength of 1 in 4,000. 

P. K. Bolshesolsky * strongly recommends a 1 in 10,000 solution of 
this salt as an antiseptic in obstetrical and surgical pnictice. 

Tliomson proposes as an antiseptic, 1 to 3 of mercuric iodide and 
1 to 3 of potassium iodide to 100 of soap. The solution for use contains 
1 of merconc iodide in 4,000 of water. I>r. Woodhead has experimented 
on it with IkTonrable resnlt8.t 

Menniric Qjudde^ Hg(0N)2, is sparingly solnble in water, slightly 
add, and inodorooa. The bade or oxy-eyanide is siniilar, but slightly 
alkaline. Both are antiaeptio and very poisonous. Solutions of the 
latter, 1 in 15,000 strength, do not seriondy injure instrumented (mly 
slightly predpitate albumen, and are tolerated by wounds and by the 
mucous membrane. Ohibret| found when he added it to peptonised 
broth that it had six times the antiseptic power of the chloride, although 
it does not act so powerfully on Microcoeeua aunua. It has also been 
found of service in cases of diphtheria. 

Stellden§ reports on 1,400 cases of diphtlieria treated with this 
remedy, when only 5 per cent, of deaths occurred, as compared with 
the ordinary 92 per cent, in that district at the time. (Honey, 4.50 ; 
tinct. aconite, 30 ; Hg(CN)2, 0 3 grain ; also a gargle of 1 Hg(C2s)2 in 
10,000 of Aq-menth. pip.). Frequent doses and applications were said 
to suppress the bacillus. 

Zinc Mercule dyaiddo* — Sir Joseph loster introduced this compound 
in 1889. To a solution of potaado>mereuric cyanide a sine salt is 
added; the bulky white predpitate is washed with water till the 
washings are almost free from mercury, then drained, Mtnrated witii 
starch, ground with potasdum sulphate to aid the pulverisation, and 
carefully dried. To fix it on pKlse, 3 to 5 per cent, of it is suspended 
in a 1 in 4,000 solution of mercuric cldoride, and the gauze dipped 
with agitation. The powder keeps when dry, but the gauze must be 
prepared when required, and used moist, 

B. Dottjl cast some doubts ou the definiteness of this compound, 

* Proe, ArOmngdA Med, She., 18M, vol. ii., p. 191. 

t Br'U. Medictd AasoctcUion, Kdinburgh Meeting, 1888. 

t Compt. Rtnd., vol. cvii., p. 119. % Mtrd^t BulL, vd. i., pp. 28^01 

U Lancet, vol. ii., 18S0, p. 1133. 
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questioning the pressnee of meroory in any quantity. DuMtaa* 

proved that tho original precipitate, which ho proparecl by a variety 
of methocis, was a trae double salt of the formula Zn^Hg(CN)]„ or 
HgCN,, 4Zn(CN)o, but that it was decomposed in the washings 
the solul)lo Hg(CN)2 being removed, ami the insoluble Zn(CN)^ 
remaining, so that the result was a mixture of variable composition 
oonaisting mainly of zinc cyanide, with, in different samples, G, 8 5, 
10, and 18 per cent, of Hg(CN)2 — that is, about a ^ to ^ of what 
it should bflu Long washing or hot washing lemorw all the 

However naefal in practice this preparation may prove to be^ 
the variation in its composition militates against nnifbrm results. 
Donstan tried to prepare it in alcohol and other ways^ bnt without 
success. 

Mercuric ChUHMmide^ HgNHgCI, is the soluble white powder 
well known as "white precipitate." It is much need for killing- 
Pedictili, and is a mild intestinal antaseptic. 

The following organic mercurial compounds are all antiseptic and 
have varying disinfectant powers. All are poisonous. They are 
occasionally used in emulsified lotions or injections, or in ointments- 
and gauze, against syphilis : — 

Carbolate, (C^Hr,0)._,IIg (Szadek), Sulphocarbolate, and Benzoato 
(Slukotvenkoiv) are white powders, almost insoluVjIe in water. 

Salicylate {SUvorAraujo and Szadek) in piUs, to ^ grain, and aa- 
an ligection in 0*4 per thousand solution for gonorrhoaa and syphilis, 
has perhaps been more widely used than any other of the newer 
compounds of mercury. 

Tlvmolato (0|oHj30)Hg.HgNO„ Tli ym otoce t at e , and Thimoial- 
phste, to I grain in plls, were recommended by Eobert for 
syphiUa. 

Tuittte, greenish*brown insoluble scales ; 1 to 3 grains have been 
recommended as an antisyphilitic by Lustgarten. 

Imidosuccinate, {CoH^(CO.,)2N)2Hg, is soluble in 25 parts of water. 
I grain is used hypodermically in syphilis ( Von Mering and VoUert^ 

1888). 

Naptholate and Naptholacetate are condemned by laddosobn and 
Zeissing as producing pain. 

Peptonate and " Glutino-peptone sublimate," made by acting on 
gelatine with hydrochloric acid and adding 25 per cent, of mercuric 
chloride, are met with in 1 per cent solution for injections, and are 
said to be almost painless and to be rapid and efficient (JDr. Mufer)^ 
The doses are about equal to | grain of mercuric chloride. 

Any surfaoes wsshed with a mercury salt will soon be blackened 

* Cfhem. Soc. </c«m., 189% p. 660. 
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with sulphuretted hydrogen. Organic matter u liitble to reduce and 

throw tin* mercury out of action. Tho mercuric solutions are com- 
patible with peroxide of hydrogen, acids, permanganate, zinc and 
copper salts, glycerine, phenol, and most aromatic compounds, but 
not with borates, sulphates, phosphates, carbonates, or alkalies, which 
precipitate them. 

COMPOUim OV TABIOUS IfBTALS. 

Tin. — Stannoas Chloride (protochloride of tin), SnCl^, has been sag- 
grated u * dirinfeetani.* It Is oomparatively safe, and does aol 
ootTode lead pipes. A aolation oontainiug 1 per oent. kills spores 
aftor an exi>08ure of two hours. When kept for um it should he 
mixed with sn equal quantity of ammonium chloride, which preroits 
the formation of the insoluble oxychloride of tin. 

It is difficult to see any advantage in its introduction, as its bacteri- 
cidal powersare feeble, and chiefly due to its hydrodhloricacid. It would 
Absorb ammonia and sulphuretted hydrogen, like many other agents. 

Bismath. — (layon and Dupetitf were the first to point out that 
salts of bismuth, even in small quantities, completely prevented the 
secondary fermentiitions which take place in worts, but they have not 
been used to aiiv iurire extent. 

Bisnnith Kiihgalliite, ( '-Il-O-lJi, formed by tlx; action of bismuth 
nitrate on gallic acid, is soluble in water, alcohol, and ether, has lately 
4>een introduced under the name of " Dermatol." F. Rohrer I says 
of it, **This new disinfectant in the different forms of purulent in- 
flammation of the outer and middle ear, also in afi^ions of the nose, 
has lately dsimed to be a great success. A bseteriological test» in 
which dennatol mixed with broth or gelatine was infected with 
anthrax, has revealed, however, that it is not a gwmicide, and does 
not even retard the growth. In feet, the bacillus actually changes the 
deimatol, which becomes yellow, and finally black. The lame dis- 
coloration occurs in the ear." 80 that it simply acts as an astiingentk 

Colosanti and Dutto, on the other hand, re|K>rt fiivourably on its use 
.as an internal disinfectant. 

The salts of other metals have not been used to any large extents 

3Ii(iuel classes Silver Nitrate as e(jual to mercuric clilorido. 

Osmic Acid is a very powerful bactericiJt!, as ni( iitioned l)y Klein 
•and supported by Koch. Kocli says that Silver and Gold compounds 
are all inhibitory on tubercle, especially Gold Cyanide, Au(CN)3, dis- 
solved in potassium cyanide ; 1 part Au(CN)3 in 2,000,000 parts of 
solvent checking the growth of tuberde bacillus. 

• Year-Book of Pixwrmacy^ 1887. t Comp. ifeiui., vol ciiL, p. 883. 

X CcKtr.f. Baaerki^t 1899; voL xlL, p. 62S. 
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With refeienoe to oompoandi generally, in viev of the MMoh fiw 

nev disinfectants, it may be mentioned that — 

1. Am free acids, even the weakest, such as aoetio and carboni<v 
retard, as a rule, the growth of bacteria, which usually require a 
slightly alkaline medium, the acid salts and those of the metals which 
have an uciil reaction retard putrefaction by virtue of their acid OOn- 
atituent, and indt*|)t'ndentiy of the nature of thu metal. 

2. Some metallic salts precipitate albumen — e.g., those of mercury, 
copper, and moat of the heavy metals. Such, by coagulating protoplasm, 
must kill the organisms, if they can penetrate deep enough. With 
theie aalta, diainfeotton la, tlierefiHre, a oonditioa of quantity and time. 

3. These metaUic aalte, and aorae other anbetanoee, anch aa lime, 
alnmina, phosphatei» and oharooal, may atarre bacteria by withdraw- 
ing^ or rendering iniolable, their Ibod. 

i. Tho boratee, arcmiatie anbatanoea generally, and a lew other com- 
poonda exert a direct tozio inflnenoe on organima which, aa far aa 
known, is phyait^ogical and not chemical. Given loffioient quantity 
and time, they may actually kill the bacteria and so act as real dia- 
infectants, bat they usually only retard the growth, and therefore are 
chiefly used as antiseptics. It is possible that sonje of them may 
form loose compounds with protoplasm which interfere with its vital 
functions. 

5. Reducing agents, such as sulphites and ferrous stilts, withdraw 
oxygen, which element is necessary for the growth of most organisms. 

6. Oxidising agents, like ozone, peroxide of hydrogen, the halogens, 
and permanganate, act on bacteria by destroying their food, poisoning 
tiiem, and finally oompletely deatroying them. Theae are the <uily 
perfect diainfeetanta, yielding the ideal condition of aterility, nothing 
to grow, and nothing to feed on. It remains solely to find the 
minimum required, and then to use a little more for safety. All 
other diunfection must be unsataafiMstory, and only means snspenaion 
for a time. 

7. A few easily reducible metallic salts are fed on by the organisms, 
which assimilate one of the elements, to be deposited in their tissues 
as coloured granules distinctly visible under the microscope. Silver, 
gold, and some iodine compounds are examples. After a time this 
deposition chokes, and finally kills them. Probably this accounts for 
the fact so often observetl, that very minute ]>ercenta<»es of many 
poisons actually promote the growth of organisms, which larger 
amounts destroy. Ordinary therapeutics furnish many parallel in- 
stances.* Richet remarks f that, although very small quantities of 

* Note CrMe-Cal vert's obMrration under Mercury, p. 136 ; Dr. WiUiama, 
a. 139. t ComfUt Rtndug, 1892, p. 1494. 
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certain meteUic salts retard or whoUy prevent tha derelf^mont of tbo 
lactic ferment in milk, still smaller quuititief eTea Mt as aooelenKtoct 
of the fermentative action. 

This explains the absolute necessity of working quantitatively in 
disinfection, and also many of tlio discrepancies and miastatementa 
which exist in the literature of tlie subject. 

Richet also observes * that the ferment appeared indilTerent to salts 
of copper and mercury in quantities inferior to '00025 gnuninc per 
litre ; in doses of -0005 gramme per litre these salts possessed an 
accelcrative action, and in quantities of 0*001 per litre their antiseptic 
properties first became evideni. The toado action of the metalUe 
poison does not appear to aflfoct the chenucal aetivily of the ferment^ 
hat rather its powers of multiplication. The biological relations aa 
regards the toxicity of metah do not follow chemical laws, as certain 
metals which are chemically verj similar have a very different tozioityy 
and it is especially noteworthy that the rarer metals, to which tho 
forment is probably not so well accustomed, appear more toxic than 
the c(mimon metals. The prohibitive dose of zinc is 1 gramme, whilst 
0*16 gramme of cadmium sulphate completely prevents fermentation. 
Ferric and manganese salts are also less toxic than cobalt and nickel 
salts. 

While calcium salts are constituents of food, barium, chemically the 
next metal, p^ivcs compounds that are poisonous. Among the rarer 
uietals may still be found a stronger antiseptic than any yet examined. 
It would appear that in a series of similar metals the higher tho atomic 
weight the more toxic the salts. In the case of the non>meta]s the 
reverse may be the case, but at present there is want of data fat 
ascertaining how fiir the periodic law of the elements hears on their 
antiseptie and disinfisetant action. 



• Loc, cit. 
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CHAPTER Vni. 
OBaAHIO BTTBSTAirOBS. 

Coal Tak ani> its Pboduct.^ : General Account— Tar Water. Hydrocarbons 
(>keutrul Tar OiU) : Beuz«ne— Toluene— Naphthalene — Anthracene — Naph- 
thalene Urinal Cakes—" Laoraline." Fetrolattm. PfaooolB. Phenol o& 
CAkBouc Acid : *' Propertiee ''—Variation in the Commereial Strength— Tha 
** Victoria Carbolic Acid Powder"— Carbolic Fomigntiou— Antiseptic Power 
of Phenol — Not a Disinfectant — U?os and Hangers— Objections to the employ- 
ment of Phenol — Prescriptiona iu liifferent Countries. Carbolic Powders : 
M'DougaU's ^ Calvert^ — MaTw'b — PhanoUth — Other Patsnts. Singioal 
PrsparatloDs: Carholised Oil— Gaaae— Carbolie Wool— Danger of Phanol 
in Surgery — Carbolic Soaps — Tooth Powders — Various Preparations — The 
cost of Phenol. Halogen Compounds of Phenol : Tribromophonol— Iwlo- 
phenob. Sulphonio Derivatives : " Sulphocarbolates " — Sozo iodol — Ascptol 
— SoBot— Beasene-snlj^eBie Aeld—Phenyl snbetitated Fatty Aoids. Gsiaou 
AXD m Higher HoMOLOonBS: Table of the Phenol Series— Soorceo — 
Creooote Oil— Uses of Creosote Antiseptic Powder — "Bacillite " — Lysol — Ex- 
periments on its KthciLncy — I'ixol — Pixenc — Question of Soluljility — Tricresol 
— Jeyes' Disinfectant and Creolin — Creolin Baths — Smith's Carbolated 
Fluid— Artmami's Creolin— Stratholyde Disinfectant— Esset^ Flnid. Ba]ttol : 
Ita Feonliar Properties — Allen's Fluid— Production of Ozone. Isal: Eoro* 
phene — Resorcinol - I'yrocatechol — Pyrogallol. Wood-Ta]: TM ijivatives t 
Products of Destructive Distillation of Wood — Stockholm Tar — Retinol — 
Kesol— Fatal to Plants. Wood Creosote : U^cs and Antiseptic Power. 
Oualaool: Medicinal Ussa— Qoaiacol Carboxylato— Creoeol— Kteqrlina— 
Little a Soluble Phenyle. Naphthalknk and Naphtiiul : Naphthalene 
— Naphthalene-Sulphonic Acids — Naplithols — Beta najihthol- Its Value in 
Internal Antisepsis — Betol " Microcidine" — Alumnol — Uydronaphthol — Ita 
Uae in Game— Oxynaphthoic Acid. 

TAB AMD ITS PBODUGTB. 

It liM long been known that the Tarieties of tar hare antiseptio and 
preservative properties; hence the use ci coal tar fot ooatingwood» 
and of wood tar for ropes and sacking. Goal tar consists fbr the most 
part of a mixture of "aromatio" compounds derived from the hydro* 
esrbon benaene, O^Hf. They are more or less volatile ; many have 
<^eiisive odours, and act as narcotic poisons. Tliis poisonous action 
may render them disinfectant when used in sufficiently large quantities. 
Some coagulate albumen, and are caustic, like phenol. A few are 
soluble in water, and these are the most powerful physiolo2;ically. As 
far back as 1753 Bishop Berkeley extolled the. virtues of tar water for 
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nmtlj every ailment; bnt its use is now replaced by more definite 
prepantions. 

By treatmMit with acid and alkaline solutions in snecession, the 
tars are separated into tbfee groups of bodies: — 

I. Hydrocarbons, such as benzene, toluene, xylene, naphthalene, 
anthracene, ttc. These are neutral bodies, insoluble in vrater, alkalies, 
and acidn. Most of them, however, can be dissolved, or at least 
emulsified, by beatin<^ with a strontj sohition of ordinary or resin soap, 
with or without the addition of alcohol or wooti spirit. The dark- 
brown clear syrup turns wliite and milky w ith water, the hydrocarbons 
being precipitated in minute oily globules, which slowly rise as a scum 
to the surface, leaving a strongly alkaline solution in the soaps. All 
these mixtures smell of tar, and are iu different degrees antiseptic, 
bat less so tiisn the phenols. They are known in commerce as 

neutral tar oils.*' Specifications for disinfecting powders generally 
demand their absenoe^ and in fact they are looked upon usually as a 
detriment, or even as an adulteration, if present in any quantity in 
disinfectants. The hydrocarbon betaens, and its higher homo- 
logues iduene, C^H,, 4c, have no antiseptic value. The derivatives 
4>f thiophene (a compound usually present in crude benzene), Ofifi, 
have been used for skin diseases.* 

Naphthalene, C,|,H^, and anthracene, C,^H,o, when pure are white 
crystalline solids of greasy feel and tarry odour, slowly volatile, in- 
soluble in water, iind feebly antiseptic. Naphthalents is used as an 
insecticide, and is sometimes employed locally in scabies as a 10 to 20 
per cent, solution in oil. It is to \n> avoided in cases where large 
surfaces are e.x posed, V)ut has been used internally t and as an antisej)tic 
for wounds.^ Its derivatives will be further considered (p. 177). 
'Naphthalene is at present much used as the basis of cakes or blocks 
sold very cheaply as "distnfeotanta" to hang up over sinks and in 
closets, and to place in the besins of urinals. Some are s%id to contain 
"camphor and eucalyptus." The urinal blocks oertainly prevent the 
nrinons smell, partly by masking it and partly by retarding tiie 
amm<miaeal fermentation, but they are of no use as diunfeetanta. 
There is a recent patent § for naphthalene tablets. 

"Lauraline" contains camphor and carbolic acid with much naph- 
thalene. II 

Petrofentn may here be incidentally mentioned, although it consists 
mainly of the paraffin series of hydrocarbons, chiefly hexane, C^H|f* 
It has long been used as an insecticide in horticulture. 

• Hipertoire de Pharm., 1892, p. 157. t Amer. Journ. of Pkarm,, 1834, p. 61S. 
t Squire's Companion, 1S90, p. '2S9. f No, 5,030, 1882. 
li Cktm. and Drug., Sept. 3, 1892. 



OROASIC SUB8TAKCB8. 



149 



II. Phenols or so-called " tar acids," carbolic, cresjlic, &c. They are 
hydroxy-derivaUTM of the aromatic hydroearboni^ and eomHaa irith 
canstie alkaliet to form oarbolateB, Ae., lolable in water, fiom vhieh 
acids again liberate the phenoL The series indvde phenol, creed, and 
higher homolognes ; the latter are present in the firactions of hij^er 
boiling point, and form nnstable oomponnds with alkalies which are 
even decomposed by water; hence their solutions turn milky on 
dilation. They are the subject of a large number of proprietary 
preparations, and will be described further under phenol, cresol, <kc. 

III. Basic BUbstanceB are extracted from coal tar by treatment with 
acids. They include aniline, pyridine, quinoline, «fcc. They are mostly 
soluble in water, and are discussed more fully in a later section, 
(p. 184). 

PBSKOL OB OABBOZJO AOXD. 

Phenol, CgHj(OH), is the simplest member of the group of phenols 
or hydroxy-benzene derivatives, and is commercially known as carbolic 
acid. The phenols all contain hydrozyl united to the *' aromatic** 
nucleus or beuaene ring of carbon atoms, and are more or less anti- 
septic Most of them coagulate albumen, and are therefore styptic ; 
they are poisonous in different degrees, and thus, if in suffident quan- 
tity, may be true disinfectants. They are mostly of sparing solubility 
in water, which militates against their general use; they easily dissolve 
in alkalies and alkaline earths, forming substitution compounds usually 
called carbolates. These compounds are alkaline, odorous, and some- 
what caustic ; acids, even carbonic, render their solutions turbid, 
separating the phenols as an oily layer if the solution is moderately 
ooncentrated. Such snbstuncfs, inHtle with liino or iimj,aiesia, constitute 
a nunilxT of tlu? "disinfecting powders," which slowly give off the 
phenols on exposure to air, leaving behind the inert carbonates of 
lime and magnesia. The earthy bases then only act as a vehicle, and 
any undue excess of them must be considered as an adulteration. 
The pure compounds are not used, as they are deliquescent^ caustic, 
and too rapidly soluble. The powders are usually valued and s(dd as 
containing a stated percentage of the phenol, Ac Many so-called 
disinfecting powders now in the market are supposed to contain 15 per 
cent 0^ phenol, when in reality they possess only a trace. *<A 15 per 
cent, carbolic acid disinfectant powder, free from tar oils and sulphur- 
etted hydrogen " (t.e., not made from gas-lime), is a common form of 
specification for this class of disinfectant. 

A striking example of the absolute necessity for carefully examining 
all such powders before use is furnished by tlif recent exposure of the 

Victoria Carbolic Disinfectant Powder." Dr. Barwise found in an 
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epidemio of typhoid at South Wingfield in 1893 that <<esereto well 
mixed with the powder and buried * polluted the drainege^ so that the 
in&etion was carried to a large numher d people lower down the hilL 
Although the powder was stated to contain 15 per oeatL of carbolic 
add, an analysts showed that it had barely any odour of carbolic acid 
and only the merest trace of tar oil, and there was no weighable quan- 
tity of carbolic acid. Moreover, even the best powders deteriorate on 
exposure to air, and may become inert. Phenol itself is prepared from 
tar distillates, and in the crude state is a dark oily liquid containing 
also the higher homologues, cresol, xylol, cumol, and cyinol, l)cside8 
neutral tnr oils of less disinfecting power. "Synthetic" carbolic acid 
(made froni benzene), and free from cresol, <tc., has l>een sold, but its 
price is soinewii.it proliibitive. Pure phenol fonns colourless crystals, 
turning red in the light. It melts at 41° C. and boils at 181 5' C, 
and therefore is not easily volatile. It can be volatilised more rapidly 
by melting and then dropping on to a heated ahoTel — ^not too hot, or 
it is liable to catch fire {Calvert}, The vapour is apt to cause severe 
headadie^ giddiness, and nausea. A small quantity of water liquefies 
the ciystalis forming a hydrate, whieh, however, when added to more 
water, only dissolves to the ectent of 1 in 15, theiert generally at first 
floating as an oily layer, although it is slightly heavier than water 
{i^tecific gravity, 1*065). Hence it must be made into a solution for 
use by mixing with excess of water and agitating until dissolved. 

It is certainly antiseptic ; but as to its disinfecting power, opinions 
are very diverse. M'Dougall and Calvert extolled it above other 
disinfectants ; but the latter observer, though he states that I in 200 
prevented the putrefaction of beef juice for six days, yet acknowledges 
that when added in that proportion to alreatiy putrid l>eef juice or egg 
albumen, it had no etlect on the organisms present. The vaipour also 
produced no effect during twenty-four hours on vaccine lymph. 

Miquel aMWta that the vapour of phenol "after fifteen or twenty 
days of action at 20* CS. is absolutely incapable of destroying the vitality 
of bacteria," and that 3*2 grammes of phenol is required to prevent 
growtli in a litre of beef tea.* 

Flssteur and Lister have strongly advocated its use in surgery where 
antiseptic action is mainly aimed at. Phenol was extensively tried by 
Orookes under the sanction of the Cattle Plague Commission. His 
report estimated its value in destroying the infectious matter as very 
high (18G7). 

Koch remarks! that "carbolic acid also kills if of considerable 
strength and acting for a long period." He also observed that sola- 

• />«j» Organimits, 1883, p. 200. 

i MUtktil. a. K. Guund., 1881, vol L, p. 234. 
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ikm of enlx)He add in oil do not possen the wme disinfecting power 
MM thoee in water. This it important, in -view of tbe frequent use of 
«arboliwd oil in aoigery. 

When disiniectioa is reqnfred to he completed in leas than twenly- 
four hours, which is generally the casOf WolflThiigel and Yon Elnorre 
find carbolic acid QSeless.* 

In Koch's later experiments, silk threads with anthrax spores were 
placed in carbolic solution of various strengths. A 5 per cent, solution 
killed the spores in two days, whilst sporoless bacteria, as those from 
fresh blood, Were killed by 1 per cent, solution, but not by h per cent, 
solution, as proved by inoculation. For safety the strength should 
be 5 per cent, or even more to kill in twenty-four hours." "As an 
antiseptic, phenol solution 1 in 850 entirely prevented the development 
of anthrax spores, 1 in 1,250 caused marked hindrance. Other bac* 
teria are leas affected. The Tapoar at ordinary temperatures, even 
when allowed to act for six weeks, had not the alightest effect on 
spores, but at 95* C. many were destroyed in half an hour. After 
three hours there was very little germinating power, after five or six 
all were Idlled. Other dinnfectants act similarly at high temperap 
tures." t (See p. 139 for Batinoff's oompariaon of phenol with mercuric 
< liloride, «fec. His effective strength is 1 in -JOO.) 

Klein observes that phenol (I in 400 or 500) in nutrient solutions 
has'a decided restraining power, but he emphasises the fact that the 
spores are only *' stunned," not killed ; for, if removed and inoculated 
into an animal, they recover and rapidly cuuse (loath. He continues, 
"as is obvious, according to the nature of the bacillus, the strength of 
the solution, and the time of action, the result varies. I'or instance, 
mature JS. aiithracis is killed by o per cent, phenol in live minutes, but 
is not injured by 1 per cent in five minutes." 

Orookshank obtained favourable results on the tubercle haoillns. 
Patients whose lungs were tuhereulous have been benefited by inhalar 
tions of carbolic vapour. X 

As to the typhoid hadllui^ it is so resistsnt to phenol that the 
isolation of this organism is effected by growing in a carbolised culture 
whidli kills other germs, but has no action on it.} It is grown in 
tubes of gelatine by adding to each 10 cc. of the nutrient medium, 
4 or 5 drops of 1 in 20 per cent, phenol. Cassedebat at Marseilles 
found that several other organisms offered quite as muoh resistance to 
phenol as the typhoid bacillus itsellji Yet Dr. Cameron reowimends 

* /oani. Aw. dcm. JadL, Jam 89, 1888L 

t JfifDkdL a. dL JT. AwndL, Dae. 3, 1881. tBuMologf, 1887, p. 151. 

§ Chantemesse and Widal, Oat. Jlebdmmadain, 1887, 14A. 
II Ann. Jtut. Fatuwr, Oct 25, 1800. 
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a 5 per cent solution of carbolic acid for the " decomiwsition " of 
typhoid stools ; * and even more recently Dr. Cover, in his report to 
the Bireotor^neral of Prisons, asserts that "Carbolic acid is the 
moat oertain and powerfnl of the numeroua aabiUuioea uaed aa anti- 
septica and diainfeotaata." 
Tho yalae of phenol may be aomned up aa foUowa 

1. In a atrength of 1 in 400 it ia a powerfnl antiaeptic, reatnining 
pntre&etion when started, and preventing it for a long time when not 
commenced, but in this respect it is far inferior to mercuric chloride. 

2. To actually kill bacteria it requires the high strength of 1 in 
20, and even this has not a certain action with all organisms, nor 
does it kill the aporen of such as anthrax. Therefore it is not a 
satisfactory disinfectant. 

3. It (InoH not absorb sulphuretted hydrogen nor ammonias, hence 
it is not a deodorant. 

4. Its persistent odour is a decide<l disadvantage, as the smell 
remains even when the quantity is utterly insutiicient, 

5. For treatment of sewage it is a failure, even in proportions 
practically impoasible. Moreover, it rendera the material nseleBa 
for manurial purpoaea. In Japan, after a cholera outbreak in 1882, 
the (Government instituted aome exi)erimenta to elucidate thia point, 
and deariy showed that *'a aolution of 0*05 gramme of phenol in 
100 CO. of water weakened the germinating power of the aeeda, and 
with a aoluUcm of 0*1 per cent^ only one-third of the poaaible aeeda 
germinated, and in all cases the acid delayed the prooeaa of ger^ 
mination." 

6. In surgery it is of considerable value. Lister has recently 
pointed out that it has a powerful .iflinity for the oj>idermi8, pene- 
trating deeply into its substance, and mingling with fatty matter 
in any proportion, whereas mercuric chloride retjuired a special 
cleaning of the skin, as it could not j)enotrate in the slightest degree 
into anything greasy. It is free from the danger of mercurial 
poisoning, but if used too strong it may itself be absorbed and 
cause dangerous symptoms. For aseptism (prevention) as against 
antiaeptiam (cure) in surgery it has, therefore, a diatinct field of 
usefulness. 

Garbolic add ia atill in high favour with different Qovemmenta 
and medical assodationa. Thus the recent auggeationa made by 
the Society of Medical Officers of Health are as Ibllowa : — 

1. For the air of sick rooms : sheets are auapended and saturated 

with carbolic solati<m or chloride of lime. 

2. For matters passed : ferrous sulphate ia added. 

* BrU, 2itd, Jown,, 1890, p. 370. 
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3. All utensils should be washed in carbolic solution. 

4. Linen should be treated with the same. 

0. Ambulances and steamers should be cleansed with carbolic 
solution. 

The loliitioB raeomnieiided !■ a | pint of carbolic Ka 4 (a pare 
liquefied edd eontaining about 90 per cent phenol) to a gallon of 
-water. 

Then reoomnendatioiia are open to the oritieiBm that : — 

1. The preicribed wlntioa which only oontaias about 2| per cent, 
to 3 per centk tii phenol is only half the atrength specified by Koch 
and others as ci^Mkble of killing mature germs, and fiur below that 
required to destroy iporei. 

2. The odour from a suspended sheet is liable, as before mentioned, 
to cause headache and nausea, and it is very improbable that such a 
method of application does more than partially disinfect the air, even 
if the carbolic solution is a saturated one. 

The Commissioners of Inland Kevenue in 1892, in an investigation 
for the Board of Trade, state in their report, " That nearly every 
liquid disinfectant on the list was found to be inferior to an equal 
weight of the earbolie acid powder." ^e Committee dedded to adopt 
as standards a solution containing 80 per cent of carbolic acid, and a 
powder containing 20 per cent This is practically Messrs. CSslTcrt's 
strength for their liquids Na 4 and 5. Their powder is guaranteed 
to contain 16 per cent, of carbolic and cresylic acids. 

In the CSlerkenwell Vestry district where carbolic acid is distei- 
buted free to ratepayers, it is bought on the following specifi- 
cation : — 

"(1) 95 per cent, of clear carbolic acid fluid, free from tar oils and 
sulphuretted hydrogen; (2) 15 per cent, carbolic disinfecting powder, 
with same proviso ; (3) 70 per cent, carbolic acid dissolved in caustic 
soda, also free from tar oils and sulphuretted hydrogen." 

In Russia, carbolic acid seems to be the chief, if not tlie only, dis- 
infectant employed by the officials. In that country the sligiitly 
active 50 per cent, to 60 per cent, crude acid has been officially pre- 
scribed, whereas the German law properly orders tiie use of erado 
100 per cent add, which consists of the really active phenol unmixed 
with valueless tar uSHm.* 

The Berlin administration order scdutions of two strengths^ 
''strong/' consisting of 1 part pure i^enol to 18 of water; and 
**weak," 1 to 45 pBrts.t The same regulation points out that 
fumigation by means of aromatic substances is of no value in dis- 
infection. 

* Pham, Zikmg^ Aug., 188S: t PoUui Vgronhung, Feb., 18S7. 
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Hie Belgian Ckiremmeiit order 2 or 3 per eentb to be mixed with 
excreta, under the aame conditions m in this ooontry. 

Caibolie Powden. — ^In many cases the base of the powder consists 
ef daked lime, bnt the "carbdate" of lime^ which is formed in tiiis 

way, only slowly gives up its phenoL One of the oldest forms is 
*' M'Dougall's Disinfecting Powder," prepared by adding erode carbolic 
acid to impure sulphite of lime obtained by passing sulphurous acid 
over ignited limestone. The sulphite of lime in this powder is added 
to absorb siilphurotted and phosphuretted hydrogen. It dissolves 
readily in water, so that there is no danger of choking drains or 
appreciably increasing the quantity of solids in the sewage. For 
fumigating purposes the |Mjwder is mixed with water in an ordinary 
zinc pail, preferably a wooden or earthenware receptacle, adding a 
little sulphuric acid. A " sewage carbolic acid " uf '25 per cent, 
strength has been advocated for use in conjunction with the powder 
«nd with lime, in the proportini of 1 gallon of carbolie acid, 10 lbs. of 
•disinfecting powder, 10 bushels of lime, and 100 gallons of water. 
This mixture is stated to be sufficient for 50,000 gallons of sewage, • 
which ia rendered impntreicible, and all smdl is rra&oved. If the 
|K>wder ccmtsined 15 per cent, carbolic acid, the total amount present 
in the sewage would baiely amount to 8 parts per million, and this 
4}nantity is totally inadequate for steriUsation. 

Allen* gives the following as the composition of a sample of the 
base of M'Dougall's powder after extraction of the carbolic acid : — 



Silica, S4 

Alamina 3'4 

Ferric oxide, Traces. 

Lime, 46*5 

Magniwls, 0*3 

80n 7-5 

SO 3 29-« 

COt (water and uudetermiaed natter), .... 10*7 



lOO-O 

Corfield remarks: "Carbolat^^s of lime and magnesia and sulphites, 
-such as IVI'Dougall's powders, merely aasist in delaying decomposition, 
but do not prevent it ultimately." 

"Calvert's Carbolic I'owder " is guaranteed to contain IT) percent, 
of carbolic and cresylic acids. It is prepared by adding crude carbolic 
Acid to the residue left from the manufacture of aluminium sulphate 
from shale or kaolin. The following is an analysis of the base after 
extraction of the phenol : — f 

, * Oommerdtd Organic Analyna, 1886, vol zL t AiuUyU, 1878. 
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Silica 67 4 

Alumina, ......... 28 "0 

Ferric oxide, Trace. 

LioM, 04 

VuSMnndaibd, B'B 



100 0 

'* Major's Disinfecdng Powder" has also a silicate base and con- 
tains 15 per cent carbolic aeid.** The advantage claimed is that ** the 
action ot the add is entirely free to perform its work of didnfSBction, 
none of it being absorbed and retained hj the base." 

**Phenolith" contains the phenols and cresols of tar with infosoiial 
earth (siliceous), sawdu.st, &c. ; * the patent also indndes the use of 
mixtures of phenol and boric acid for preserving meats, hides, &c 

Tweedie t patented a mixture of phenol, turpentine, and camphor 
with " any dry vehicle." 

The carbolic pow(i(>rs of commerce are generally coloured pink or 
brown by uuriii or ochre. + 

It is now generally admitted that road disinfection by carboli.sed 
lime is of little value, .since the volume of air and earth i.s too great 
for any real disinfection to be efiected in this way. Local authorities, 
however, in many districts generally regard such treatment with 

In surgery the following preparations containing phenol are used: — 
CvboUsed Solutimi, 1 or 2 of phenol in 40 of water; CaiboUsed 01], 
same strength used as a dressing (Koch states that it has much less 
power than the solution); 3 per cent, solutkm fm hypodermic injections 

and as spray for erysipelas ;§ 5 p«r cent, injection for anthrax.|{ 

Carbolised Gaose (Lister).— Phenol, 1 ; resin, 4 ; paraffin, 4; melted 
together and the gause dipped in this mixture. Vaseline is sometimes 
added to give pliancy. Absorbent gauze is made with phenol, glycerine, 
and dilute alcohol, and is stated to be more powerful than tlie ordinary 
gauze. At the temperature of the body the phenol is slowly given off, 
causing an antiseptic vapour to envelop the wound. 

Carbolic Wool should contain o per cent, phenol. Five commercial 
samples analysed were found to contain 1-06, 1 07, 0 G9, 0 25, 5'08 per 
cent, respectively, showing that they were either badly prepared or 
had lost thdr strmgth by cardess keeping. OsrboUo wool, like all 
artides containing Tdatile med i oaments» diould be preserved in per- 
fectly air<tight Tessds. 

• Holtz, Patent No. 5, 193, 1878. t Patent No. 17,042, 1888. 

X Joum. Soc Chem. Jnd., 1889, p. 913. 

|M JTmI. JMni.,1886,Td.xL,^M7. 1|iMd.,p.flOL 
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Dttgor of PbiBOl in Sorgeiy.— According to Lowe^ Ihe eflbct of tke 
oonteet of phenol with any large sarfiuse of the lower pert of the body 
is apt to be fatal, but it has often been applied to the arms with 
impunity. Gosselia made a series of experiments bearing mostly on 
the aotion of phemd on the living body, as in surgical operations, osiDg 
1 to 9 per oentb solutions in dilute alcohol upon blood circulating 
through a membrane, and found tliat the circulation of the blood 
through the capillaries was arrested, in direct proportion to the 
strength of the solution. He supposes that the phenol coagulates the 
blood like a caustic, first (t) acting as a germicidei then "a« a semi* 
caustic or astringent." 

Carbolic Soaps are maile in grc^t variety. They should contain 
about 8 per cent, or more of phenol, but many contain not more than 
1 per cent. \\ oodhead* and (Jameron f have pronounced against their 
use. They are largely used in washing, and contain tar oils, naphtha- 
lene, kc, with varying amounts of phenoL Their value is more than 
doubtful as disinfectants, though they certainly are potent against 
insects. 

Oarbolic tooth powders are also made. They are antiseptic, but are 
not very pleasant 

A few other preparations remain to be mentioned. There are a 
large number of patents for mixing **phenoIoids," containing more or 
less carbolic acid, with peat fibre, ground blast-fumaoe slag, cinders, 
sawdust, and other inert absorbents. They present no special advan- 
tage. 

" Disinfectol" is an oily blackish liquid containing resinous soaps, 
soda, and compounds of phenol dis.solved in liyclrocarhons introduced 
into ooninierce l»y T^oewenstein. It mixes readily with water, forming 
an emulsion. Several preparations of this typo, tar products dissolved 
in alkalies, will l>e described under CrewL 

"Bademann*a patent" is pure phenol melted on a waftor bath, 
cooled quickly and stirred. The small crystals that separate are 
mixed with 10 per cent, of pure boric acid and pressed into cakes. 
He claims that this form is not iigurious to the skin. % 

An " Aromatic Oarbolic liquic^** much used in Bussia, is a tincture 
of phosphorised phenol with musk, oil of wintergreen, &c.§ 

Phenol has been used internally in capsules and solutions to arrest 
fermentation, but opinions as to its value are conflicting. Betel has 
been found fitr preferable for this purpose {q»v,), 

* BrU, Meikal Amec, Edmborgh ICeetfag^ 1888 ; aee under Hgla. p. 142. 
i SmUtarp Beemrd, 1890. X Joum. Soc. Ckem. Ind., 1889, p. 131. 

§ See Chemht and DrvggiM, 18S8, p. 32 ; A. H. Allen, in the BrU, and CMomal 
DruQgitt, 1887. p. 364 ; and Joum, Soc. Chan. Jnd., 1887, p. 761. 
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y«Uin pointo oat* tbat wing 1 litre per day of a 5 per oent 
■oltttioa of phenol for adding to excreta, &e., 60 gFunmes of phenol, 
or nearly S ovneee, would be required daily Ibr each patient Tbia 
would be a large item of expense in a hospital, and even in those 
devoted to infectious cases, the consumptioa of carbolic amd is seldom 
a fraction of this quantity. 

HALOa£N DERIVATIVES OF PHENOLS. 

The substitution in phenol of one or more of the hydroiren atoms 
by chlorine, bromine, or iodine can be easily eHectt'd by the action of 
these elements in the presence of water. Such substitution seems to 
increase the .mtiseptic power, but at the same time it causes the 
comjwunds to become much more unpleasant in odour, diminishes 
their solubility, and makes them more corrosive and very irritating 
to the eyes. 

FtttChloropheBOl, C^H^OHCl, is a crystalline body, m.p. 33*0., 
soluble in spirit, ether, and fixed oils, and practically insoluble in 
water. It has been used ts an ointment (3 to 3 per cent with 
▼aseline) in the treatment of erysipelas and lupus. 

A. Spen^^er also uses a 2 per cent 8oluti<m as an eflTcc^Te dia- 
infectant for the sputa of phthisical patients.! 

Hargreaves t manufactures '* dilorophenols by the action of chlorine 
or hypochlorites on carbolic acid, tar, iut., mixed with absorbents to 
form a disinfectant." 

Tribromophenol, C,.H.,nr30H, is a white or brownish crystalline 
volatile subst^mce, very insoluble in water, obtained by adding 
bromine water to jjheuol solution, when it falls as a white precipi- 
tate. It is interestin^L,' as a delicate test for phenol, and as a way of 
separating it from cresol, since tribromocreuol is liquid. Both com- 
pounds have disagreeable odours, and are antiseptic, but too insoluUe 
to be of much use. 

lodophMlols are similar, but very unstable, being easily decomposed 
by light Experiments with these compounds generally have not been 
iisTOunble. 

SULPHONIC DEBIVATIVES. 

Concentrated sulphuric acid acts on almost all the phenols, furniiDg 
compounds soluble in water, and yield inf» soluble and crystallisablo 
salts which are iisimllv inodorous. In most cases two or more isomeric 
acids are fornieil, (lilVering in characters. "When phenol is so heated, 
the ortho- and para-acids are formed. Their solubility, absence of 

* DUii^ecUmU, p. 385. t Sem. Med,, Oct 31, 1S81. 

$ Patent No. 18,400, 1889. 
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odiNir» and the cxnapttnitiTO harmlcattneeg of the aaltii have directed 
much attention to them aa antiaeptica. Thdr fimnation may be 
typified by the following equation^ 

The aalta in commeroe were formerly called anlphocarbolatesr 
or phenyl-Bolphatea. The sodium and zinc aalta are in the Britiab 
Fharmaoopffiia. They easily crystallise and are inodorous. 

Sodinm Faraphenol SnlphoDate Sulphocarbolate") is a mild 
antiseptic, and is used in medicine for "disinfecting the intestinal 
tract." Tt is prol)al)ly broken up in the body into phenol and 
add sodium sulphate, each of which exerts an antisepUc action. 

CeHsKsSO* -h H«0 » CaHf.OH -l- NaH804 

The Zinc Salt, Zn(CgH^O.HS03)2, has in addition the antiseptic 
and astringent properties of sine. 

y igier * who has studied the relative antiseptio value of the three 
isomeric phenol sulphonio adds, asserts that the ortho-add ia the 
most energetic. 

BOBO-iodd, a derivatiTe of one of the di-iodophenols, obtained by 
combining aodium pan^henolsulphonate with iodine, la aparingly 

soluble in water, but easily soluble in alcohol or in glycerine. 
Its iodine is liberated by the action of light. It has been used 
locally in nasal and pharyngeal disorders, and in parasitic skin 

ati'ections.t 

Sozo-iodol-mercury contains 31-2 percent, mercury and 38 })cr cent, 
iodine, t Drai r lias studied the action of both these compounds on 
the cholera bacillus. § 

Aseptol is an ill (h^finetl mixturo of phenyl ethers and sulphonated 
phenols prepared by the action of sulphuric acid on phenol in the 
presence of alcohol || 

Soul is described by Dr. Schaerges €i Beme^ as aluminium para> 
phenobnlphonate (C0H^OHSO3)0Al2. "It is a bacteridde having the 
advantages in surgery that oorronve sublimate possessei^ without 
its toxicity. It occurs in small crystals whidi have a strong 
astringent taste and only a dig^t odour of phenol. The salt ia 
readily soluble in -water and glycerine, and also in qpirit." If these 
high claims are justified it will be of great value in auigery. 

* Jowm. Pharm,, [6], voL xi., pp. 145, 214. 
t BriL MeeL Joum., 1889, vol. xi., p. 42. 

t Pharm. Joum., 1889, p. 577. 

% Am. Jaurn. Med. .Vf». , March, 1S94. 

li Serrant, JahruberidU /, Tlucrckemie, 1885, p. 499. 
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Hneppe dMeribM a ralplioiiie deriTativa of phoiolKirtlKiphenyl 
tdphonie Mid, wlueh k lest OMutio and more antiaeptio than the 
parent substance.* Kaemarf coyera the use of certain solphonatea 

as disinfectants. 

Benzene-Snlphonic Acid, SOo(OH)C^H^, an acid liquid obtained 
by adding benzene cautiously to sulphuric ivcid with 30 per cent, of 
sulphuric anhydride, is patented by Giles and Shearer * as an 
antiseptic, disinfectant, and deodoriser. They minutely describe it.s. 
preparation and purification. It is a (juestion whether it would be 
superior to sulphuric acid alone. It is the source of synthetical 
carbolic ivcid (p. 150). 

There are numbers of other sulphonio adds, but at present they 
have no special interest as diunfectants, bat it will be noted that 
solphonating reduces the poisonous action cS both the hydrocarbona 
and the phenols without destroying their disinfecting properties* 
further comparatiTe experiments with known oiganisms with the 
ssme weight of compound with and without a **suIi^onic group 
would be of yalue. The sulphonates of hydrocarbons contsining 
nu)re than one closed chain should be especially active. 

Phenyl-Bubstitated Fatty Acids. — Klein § showed that phenyl-pro- 
pionic acid has a more powerful antiseptic miction on anthrax bacilli 
than phenyl-acctic acid. J. Parry Laws [[ has further shown that 
phenyl-butyric acid restrains the growth of anthrax l»acilli when pre- 
sent in the proportion <»f 1 in 2500, and that it kills the sporeless. 
Itficilli when they are exposed for thirty minutes ti) u solution of 1 in 
1000, or for ten minutes to a solution of 1 in 700. 

The following table shows the relative value: — 





Phenol. 


Phenjrl-Acetic 
Acid. 


Phcnyl- 
Prop Ionic Acid. 


Phenji-Butyrlc 
Acid. 


RMtimining Power, . 
KiUiBg Fow«r, . 
LengtSof Exfosnra, . 


liuTOO 
lm200 
tfrnins. 


DOt d«tennined 
1 m450 
SOmina. 


1 in 1900 

lineoo 

SOnins. 


1 in 2o00 
1 in 1000 
aOmina 



Thus they increase in antiseptic power with increa.se of molecular 
weight. DuLTijanll has shown that the converse is true in the case oT 
the &tty acids when tested on M. BuUilis. His results give- 



Formic Acid. Art-tic Acid. Propionic Acid. 

7 per cent. 9 per cent. 12 per cent. 



^BrU, Mtd» Jatam,, 1801» jt. 1107 ; alto ca the Snlphooarbolates see JownK 

8oc Chem. Ind., 18S9, p. 912. t Patent No. 393.1, 1892. 

J Patent No. 14,864, 1887. § Thirtfenth Annual Beport L. C. B. 

II Cktm, Nevu^ 1895, p. 15. ^ Am. Chem. Journ., vol. vii., p. 62. 
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These peroentaget almost exactly correspond to their reUtive molecoiar 
weights, and oonsequently to their reUtive satunting power of bases. 

ORBSOL OR GRESYIilC ACID AND THB BIOHER FHBKOL& 

The higlier phenols may he regarded as tlerivatives of phenol in 
which one or more of the hydrogen at«jn»s of the '* benzene ring " have 
been replaced by methyl or other fatty radicles. These substitution 
products form a homologous series of progressively increasing density 
and boiling points of which the following are known : — 

Table of tuk Phk^sol Suiks. 



lUiUonal Pormnl*. 



Colli . OH 

CoH^fCHa). OH 

CrJUCH,), . OH 
C„H,(CH,)a . OH 
C«U(CU«)« . OH 



Of all, except the lirst, several isomorides are known. They are 
all antiseptic ; as to their rehitivo values the authorities ditter, but 
all agree that there is not much difference in power between phenol 
and the cresols. All dissolve in strong alkalies, giving soapy anti- 
septic solutions, bui tlie compounds of the higher members of the 
series are decomposed by water^ yielding milky emulsions which 
slowly deposit die oil. They are less poisonous than phenol, and are 
dasssd together as phenoloids. 

A mixture of these bodies from which phenol had bean separated 
formerly constituted a waste product of the carbolic acid manuliMSture 
under the name of "creoeoto oils," and vras used for preserving 
timber, itc. They are difficult to separate by fractional distillation, 
and now in various mixtures they are largely used for disinfectants 
under fancy names, such as Creolin, ^ Some of them contain also the 
hydrocarbons, or neutral tar oils. 

The waste gases fri>ni blast furnaces, formed by the destructive 
iliHtillatinn of tlic upper layers of coal and bituminous iron ore, when 
cooled deposit lai-ge (juantities of eni{)vrt'umatic products, from which 
is manufaictured on a large scale in 8c<jlland the mixture called "bhist- 
furnace creosote oil " for creosoting timWr. It contains 20 to .15 j>er 
«ent. of phenoloid bodies soluble in caustic soda, the coal-tar creosote 
oil made in London only containing 5 to 10 per cent. Watson Smith 
ibund one sample of the phenoloids obtained from blast'fiimace tar to 
contain only 1'33 per cent, of phenol, having a boiling point of 182* C.» 



SjnteinaUc Nune. 



Vwmm, 



pMoil 



Phenol, 

Methyl- [Mienol, . 

Dimetliyll'ljenol. 
Trimclhyl Phenol. 
Tetiametbyl-Phenol, 



■{ 



Carbolic Acid. 
Creaol or \ 
C>e»ylic Acid. / 
Xylenol. 
Cumenol. 
Diucnol. • 



CcHflO 

C;H,0 

C.sH|o^^ 
C<,H„0 
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while those obtained firom LenoaBhire tar contained 65 percent. of 
cryetaliiable carbolic add (the phenol may have been prftvionBly 
aeparated from the former). The fraction that wonld contain creaol 

had 4-5 per cent of phenoloids, and the fraction boiling from 
210* to 230* consisted of a mixture of the xylenols and cresols. 
The creosote oil" is treated with caustic soda, the insoluble 

hydrocarbon oils separated, and the soda compound decomposed by 
the wjiste gases from the furnace. Sodium carbonate is fornie<l, setting 
free the phenoloids. The carVK)nate of soda is treated with lime, 
giving fresh caustic soda for another ijuantity of oil. The crude 
phenoloids are distilled, yielding the "creosote" of commerce. It 
contains about 1 to 2 per cent, of phenol, a large quantity of cresols, 
and a smaller quantity of the higher homologues. The oxyphenols, 
similar to those found in wood creosote, are present <mly in veiy 
small quantities. 

SehiUze* has found in coal-tar cresols 40 per cent met»^nsol, 
35 per cent oitho-cresol, and 25 per cent. pararcresoL 

When fresh, creosote is almost as colourless as water, but it 
gradually darkens on keeping, slowly forming tarry products of less 
potency. It is qaite as good an antiseptic as crude carbolic add, 
and has not such a caustic action on the skin. 

Bucldioltz states that the leavst quantity of creosote that would 
prevent bacteria from developing,' in Pasteur's fluidf was 1 in 2,000. 

Creosote has a strong power in checking fermentations, hence 
its name (it-psct;, flesh ; tfw^w, I keep). Although only slightly soluble 
in water, its solution has preservative powers. It has been used for 
preserving organic putrescible liquids, and for keeping meat, <icc., 
but its taste and odour are more unpleasant than those of the 
"creosote" from wood tar. It is administered internally to cheek 
fermentation in the stomach, but is a dangerous and unpleasant 
remedy, as it suspends digestion. Inhalations of coal-tar creosote 
▼apour haTo no effect on phthisis, but are useful for esses of ftetid 
expectorations arisbg from brondiieotasis {Ckapim). 

With reference to the antiseptic power of these creosotes, it has 
been asserted with some show of .probalMlity that mixtures have 
often been found to have more energy than any of the ingredients 
used singly. This may be due to the fact that different species of 
organisms have quite distinct susceptibility to different agents. 
Lacroix Hunkiabeyendian states that a mixture of ortho-, meta-, and 
para-cresol exerts a stronger action upon microbes {Stapiiylococcw 

* Ber. d. Chem. Oesells., vol. xx., p. 410. 

tlO grma. sugar, 1 grni. ammoaiam tarttftte, and igcm. potMUom photphato 
in 100 c.c. of distilled water. 

11 



IttS DmvnctBni amd iimMfgAro. 

fgogmm amremtf T0lrmgomimM p n d i fi otm M, mad the bacilli of cholem 
and typhus) than any of the pure compounds used dngly.* Aa the 
■olubility of the cresols in water is increased by the presence of a 
small quantity of the sodium com|K)und, there is therefore some excma 
for the complicated nature of many of these patent specifications. 

Badllite. — Hopef treats the sewage, 4:c, in suitable tanks with 
a current of "antiseptic steam" till deodorised (?). The antiseptic 
steam is generat<'d from a solution of 1 gallon of "baoillite" (composed 
of crcsylic oil 6 parts, sulphur J part, sodium hydrate 2 parts, sodium 
oarbonate 1 part, resin 2 parts, boiled for two hours) "or othar 
floitoble diiiaftetaat^'* in 900 gallons of wator. "This quantity is 
solBflient to disinfect 4^000 gallons of sewage." But it vill be notieed 
tliat moat of tbe ingredients aie non-Yolatile^ and would not pass 
ofver with the steam; in Ikct, the soda woold hinder the cresol from 
ToUtilising. It would seem better to add the «badllite" to the 
sewage and then pass in steam. 

Lyiol, prepared by Schulke and Mayr, of Hamburg, is a brown 
transparent syrupy fluid which turns litmus blue "but contains no 
fire© alkali." The ash is about 6 per cent, and is mainly carbonate 
of potash. Lysol contains about 51 per cent, of volatile oils, consisting 
of higher j»henols, and no carbolic acid. It is miscible with water in 
all proportions, hence it can be used of any strength. Dr. Schottelius * 
gives the minimum effective strength of the following in per cents.: — 







Eraolin. 


Phenol. 


titaphylococeut pyogenes attreia, 
lyphui bsdllas, .... 


0-3 
1'2 


1-2 

• •• 


2-5 



Ptarson's kreolin ( Jeye8)|was used. Lysd of *33 per cent, destroyed 
in twenty minutes cholera and typhus hadUif The English patent ftr 
lysolll describes it as " tar oil mixed with a &t or fikttyoil, and sqioni- 
fied with alkali in p r ese n ce of slcohol. Homogeneous and solnUe." 

Lysol is thus a mixed disinfectant produced by dissolving in fiit» 
and subsequently saponifying, witli the addition of alcohol, the 
fraction of tar oil which boils between 190* and 200* C. (practically 
the oresols, excluding almost all tlie less soluble xylenols, &c,). It 
is a brown, oily-looking, clear liquid, with a feebly aromatic creosote- 
like odour. It contains 50 per cent, of cresols and is miscible with 

• J. de Pharm. H dt Chcvn^, 1802. f Fateat Ko. 17,tM» IWl. 

t Milnchfiier Med. WocfiLnschr., 1890, No. 20. 

§ Eogler, Dingl. pol. J., voL cclxxviii., pp. 26 to 78 ; Joum. Soc. Chem. Jnd., 
1890, p. 1,188. B DsBunaD, PMnt No. 1,017, 188a 
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water to a clear aaponaoeovs, frothing flmd. It shows turbidity when 
mixed with hard water from the fonnation of the well-known preci- 
pitate of lime and magnesia soaps, bnt its diainfeoAant qvality is not 
impaired therebj. It acts to all intents and purposes as a Boap; and 
seems well adapted for use in surgical operations. Lyscd fonns a dear 
solution with alcohol, glycerine, <fec. 

It removes all dirt, fatty and resinous spots from the skin, as well 
as from linen, iustiuuients, and the like.* To remove the soapy 
feeling, the hauds may be rinsed in sterilised water, and dried with 
a sterilised towel. 

Gerlacli and Simmonds tried it on infected fueces with success. 
Cranu r and others recommend it for surgery. From these reports 
lysol appears to be an efficient preparation for surgical purposes, but 
its mode of preparation wonld seem to malra it too expensiTO finr use 
in large quantities fat pnUic disinfoetion. 

Fiiol {Merman and BapitehmioM^ is made by slowly adding a mix- 
ture of 3 parts of tar and 1 part of "green soap," heating, if neoessary, 
to 3 parts of a 10 per cent solution of caualae soda. A dear brown 
liquid, miadble with water, results. A 5 per cent solution has the 
same power as lysol of the same strength, and is cheaper." The 
Lancet, Oct. 14, 1893, states that this disinfectant was found useless 
in the cholera wards of the Ohrickooski hospital at St. Petersburg. 
The solution of tar does not kill cholera bscilli, and has only a slight 
inhibitory power on their growth. 

" Pizene" is a preparation of the same class, made by Wheeler from 
light tar oils. It mixes readily with water. 

The real question at issue is — Should a disinfectant be easily soluble 
in water or not! On the one hand, it is obvious that to penstrate 
through the envelopes of baotem requires an agent whidi is in solu- 
tion, and thefufore diffusible. But lir. Womll, the inventor of the 
Thomolifib disinfectant^ now called *'IsaI,' takes exoeption to sodk a 
eondusion, and daims that ^'iasdubility in water is one of the moat 
valuable properties of this prepamtion, since when onoe applied to a 
pert requiring disinfeetion it is not easily washed away, and therefiire 
fulfils its purpose more effectively." 

There is no doubt that emulsions of tar oils have several sources 
of popularity with the public ; they look strong, their odour enables 
their jjresencc to bo folt, and their appearance enables one to judge 
when they are properly mixed, instead of falling to the bottom of the 
liquid, like solid disinfectants, or floating on the top and being carried 
away, like phenol. Moreover, the minute oily globules in these 
emulsions do slowly dissolve, and exercise a strong inhibitory action 
* Engler and Dieckhoff, Arch, d. Pharm., vol. ccxxx., p. 662 ; vol. ccxxxiL, p. 351. 
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on the germB for long periods of time, so tlwt the tewage may be 
carried away before it has a ofaanoe of oonveytng infeetion. 

The best of these preparations mny be regarded as strongly anti- 
septic and Qseftil against infection, though it must always be remem- 
bered that, as Klein has pointed out in anthmx, Karlinski in excreta 
of typhus, and Kitasato in cholera stools, tlic matter apparently dis- 
infected, in which no growth may api)ear for days, if it he removed 
to fresh sterilised excreta (Kitasato), or inoculated into the blood of 
fresli subjects {Koch, Khv'n, Bh/th, kc), will often l>o<^in to grow and 
prove fatal, the spores liuviiit^' Keen stupefied and not killed. 

Here the emulsitied and slowly dissolving oil niiglit have a distinct 
advantage, as, so long as sufficient of it remained, the spores would be 
prevented from growing. 

Another soluble preparation closely resembling lysol is Tricresol, 
introduced by Scherings, of Berlin. It is a mixture of the three 
cresols Ibund in coal tar — viz., the ortho-, meta-, and psra-cresol— 
"has the advantage over carbolic acid of being non-toxic, and is 
npeiior to other cresol compounds in being soluble in cold water." 
Tricresol is synthetically prepared from toluene, 0^^{01S.^» Accord- 
ing to Professor Gruber, water dissolves from 2*2 to 2*5 per cent, of 
tricresol; but a 1 per cent solution only is required in snrgery, ''that 
being equal in antiseptic power to a 3 percent, carbolic acid solu- 
tion," • Tricresol is at first perfectly colourless, has the odour of 
creosote, and boils from 183° to 205° C, the fractions being — 
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"As phenol boils at 183", and tlie oresols between this temperature 
and 202°, it follows that phenol, xylenol, and the other members of 
this series are jiractically absent. The specific gravities of the fractions 
are 1 042 to 1*049 at 20° C. It is stated to contain 40 per cent, of nieta-, 
85 per cent, of ortho-, and 29 per ooit. of pannsresoL" The fdtowing 
table gives the physical properties of these three compounds : — 





Boiling Point 


H«ltiiis Point 


Spec Qimrltjr. 




Orthocresol, . , 

Metscreiol, , • 
I^iaoffMol, 


191° 
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90r 


30" 
4' 
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1 0053 
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CryitaJllBSL 

liiiomOs 

msoM. 



* P/tomt Zaivng, 1894, Mo. 4; 1885, No. 97 i Arekiv,/. HjfQimtt voL zviL, 
p. 618. 
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Von Heyden asserts that the higher phenols are rendered aoluUe 
by mixing with sodiiiin salte of aeidii like hensoic^ salicylic, Jec* 
The BritMk Medical Journal, 1891, p. 414, stotea that a mixture of 
iolahle tar producta with lodiiim lalieylate and water nnder the name 
of ** resole** made a eolation which waa very effeetiTe. Engler and 
Dieokhoff have raoently made an eodiaostive examination of thoae 
cresol preparations which are soluble in water. f 

Among the emulsions containing creaola the more important are 
Jejes' disinfectant and creolin. 

In the first patent * " resin and creosote or naphthalene are heated 
with Ho<k.'' Patent No. r),249, 1877, proposes " coal-tar distillates 
ai)Ove :i 1,000 specific gravity" (this would include phenol and a large 
nundier of other hodies) "to Vie mixed N\ ith resin, soda, and vegetable 
oils" (giving a resin soa]) and a fat soajw "so as to make a nnlky emul- 
sion with water." An anthracene salt (1) or naphthalene also may be 
added. Thia very complex mixture seems to have been the original 
form of " Jeyes' disinfectant^" a dark hrown, syrupy liquid which gave 
a brownish-white milk easily dilRiaed through water, a large proportion 
d the oils, Ac, remaining quite insoluble. In its original form it 
had an unpleasant smell and left dark tarry ataina on the flooring, 
4sG, It haa sinoe been oonsiderably improved, containing more of 
the cresols, and not so much of the naphthalene and neutral tar oils. 

Another application $ melts together resin, naphthalene, and pitch, 
mixes with soda or potash, and makes into cakes, which are broken 
up and dissolved in water when wanted. Uidess there were a 
•jreat proportion of alkali, the "solution" in water would be very 
slow, and would recjuire a great deal of stirrintj. 

It may here be mentioned that potash, the Iwisis of lysol, Raponifies 
more rapidly than soda, and the product, being a soft soap, is more 
soluble than the hard soap made with soda. The mixture of the two 
alkaliea ia therefore advantageous. 

For drains, tc, the fluid ia directed to be mixed with 60 parts of 
water. It ia also recommended for gatglea (a teaapoonful to a pint}^ 
aa apray, and for fumigation ; here it would have the same limitationa 
as other preparations of slight volatility* 

That Jeyes* fluid and creolin are non-poi»onous, or at least far 
less ao than phenol, is proved by a recent case in London where a 
woman took 4 oza. of Jeyes' fluid with the object of committing 
suicide, but was not injured. The liritlsJi Me<lical Journal, Jan. 11, 
l!>90, also rites a mse in which a man took nearly 9 ozs. of creolin 
with the same object. "lie soon l>ecame unconscious, but was 

♦ Patent No. 9,10.1, IMM. + An lur. ,hr Pharm., No, 232, pp. 361-36S. 
X No. 4036, 1877. i I'Ateut No. 2,669, 1882. 
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disobtrged, cared, in the tliird week after edmiaBion." Sttoib a result 
would hare been impoonble with carbolic add.* 

CSredin is » more refined preparation by the same makers. It 
eontains mainly the oresols as alkaline mlts, without phenol or 
other tar products. It is a bfownish>blaok alkaline syrupy liquid 
of empyreumatic odour, giving a soapy emulsion with water.f 

The bacteriological reports on these two fluids are very favourable. 
Dr. von Esmarch in Koch's laboratory at Berlin found that " 1 per 
mille killed the cholera bacillus in ten minutes, whereas carbolic 
acid took four days." Dr. Eisenberg, of Vienna, states that 6 per 
cent, of it killed even anthrax spores in twenty-four hours, while 
phenol did not destroy them in a week. "Spores of the hay bacillus, 
which possess the greatest power of resistance, were killed by 6 per 
cent, of creolin in six days ; phenol failed. 

Dr. Washboum | repeated the eacpetiments of the two previous 
observers with confirmatory results. He concludes that "creolin is 
a good a]itisepti<^ certainly superior to carbolic add in its action 
on sporeless bacteria, and probably superior also when acting en 
spores." He finds that 5 per ceni> creolin is equal to 1 per cent of 
mercuric chloride. 

Oreolin and Jeyes' fluid have found great favour in hospitals for 
wsm baths in infectious and skin diseases. Their results are certainly 
very good. But for sewage, fumigation, »tc., "disinfection" cannot be 
maintained, as it is proved by experiments that 5 ])er cent, is required 
to destroy all pathogenic organisms, and the cost of this would be 
almost prohibitive. 

Lano-creolin, soaps, gauze, <bc., are also made, and "capsules" con- 
taining 5 minims each. 

"Smith's Carbolated Fluid" (Hampton Works, Borough Road, 
London) turns milky with water, and seems to be of similar nature 
to the above. So is " Artmann's creolin" (Julioa Sommer, Stuttgart) 
specially used for soaps (Hof & do., London Agents). 

The Strathclyde Chemical Company are mannfhcturers of a disin- 
fectant which is a residual product of a kind of blackstone shale at 
. the Dorset mines. "This shale is remarkably light, yet it contains 
oils of a very heavy and volatile chin .irt( r. These oils when distilled 
are said to possess valuable insecticide and deodorant qualities."§ 

These shalo oils contain a large quantity of the pyridine series ct 
bases to be described later (p. 189). 

Essets Fluid is an alkaline solution of higher phenols similar to 
Jeyes' fluid, giving, like it, a milky emulsion with water. The Laticetf 

* See ibid., 1891, p. 49, for a confirmatory case. + See Lancet, Jan. 5, 1889. 
t Ouy't HotpUai JieporU, vol. zlv., 1888. % ChemUt and lhniggiat» 1891, p. 3i). 
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July 1, 1893, prononnoM it "an eflieieiit disinliMtaiit toad •atiMptiB.'* 
It vuiy be mentioned that the strength of aolution raoonimended to 
be need iat oloiet^ dniofl, ko., vis., <me teaqpoonfiil to « gyion of 
wster, or 1 in 320, is much too dilate to be effioient. 

Saprol, Introduced by Dr. Nordlinger of Bockenhein, Frankfurt, is 
« dsric brown oily liquid smelling like crude carbolic aoid, having a 
mean specifio gravity of 0*990, therefore floating on aqneoos solu- 
tions. 

According to the analysis of Dr. Spindler of Stuttgart, it contains 
phenol and creaol, 430 ; hydrocarbons, 53*9 ; pyridine and other bases, 
2-8 = 99-7. 

When i>oured into water a separation occurs, the heavier cresols 
partially dissolving and partially sinking in drops, while an oily scum 
4if the bydraoacbons floats on the liquid. This coyering, according to 
F^rofesBor Quincke of Heidelbeig, amounts to O'S milligramme per 
square millimetre. Seheurlen* finds that when saprol is thus pound 
vpon water, and left to stand for three or four days, from 33 to 39 per 
eeiit. of it dissolves — ^that is, the greater part of tibe oroBoI and phenol, 
of which it oontains 43 per oent. The liquid contained 0*41 to 0*49 
per cent, of cresols. fie proved that either cmde phenol or saprol 
itself, even if shaken repeatedly for seven days with water, only yielded 
solutions of 0-45 to 0'51 per cent, of cresols, so that he concludes that 
0*5 per cent, is the mean solubility of the cresols, and that the latter, if 
time be allowed, dissolve just as well when merely poured on water, 
as when continuously and vigorously stirred. " This fact, applied to 
the disinfection of fiecal matters, proves that by the use of saprol a 
mixture of the faices supersaturated with the disinfectant is obtained." 
Dr. H. Gross found that the addition of dilute alkalies or acids did 
not increase the solubility. It is also pointed out that irliile tine 
uniform ooating of saprol entirely prevunti oontaot with the atmo- 
sphere^ so that BO evil-smelling gases can be emitted from the flaesi^ 
the usual oxidation proeem is also oheoked, while the aolnble parts of 
the saprol gradually penetrate right throu^ the mass. 

According to Laser, f a thin layer of s^trol kept urine dear, without 
smell and sterile, for twenty-two days. A thick layer sterilised 
^m^Kn^y cultures in twenty-four hours. Urine, which had been stand- 
ing under a thin film of 8a])rol for twenty-three days, was filtered and 
mixed in three glasses with (1) cholera vibrios, (2) typhus bacilli, 
and (3) Staphylococcus j)yoy. aureus. In all three glasses the micro- 
organisms were killed. He also made a series of researches with 
increasing (juantities, to ascertain the amount required to disinfect 
and deodorise urine, and, as a result of his experiments, concluded 

• Areka./. Uyg., 1803. t GoKr./. Bacterioiogk, iMi^ vol zii., p. 78. 
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<*that 1 per cent, of laprol ii sufficient for the dxaaMaxm of fieoeft 
and urme.** 

Schenrlen * confirms these results. It must be remembered that • 
1 per cent, solution of laprol is equivalent to about 0*M per cent 
lolution of the cresols. 

The special claim of saprol is its peculiar physical action — vir., 
*' bein^!: a little lighter than water, partiaUy soluble and partially 
insoluble " — by which it — 

1. Forms a complete coating over the substances, so keeping them 
from the atmosphere, and masking smells. 

2. Diffuses gradually and evenly through the putrescent matters, 
first restraining and then killing the organisms. 

3. Aets in less strength (I per cent.) than phenol (2i per cent). 
As to ooBt» it is stated that 1 litre per month, costing 60 pfennigt^ 

is snffident for a household of twenty people^ or 3 pfnmigt per month 
per head." 

It must be admitted this is a very strong case for saproL It 

and lysol are mudi used in Germany, the former for oommon, and 

the latter for soigical purposes. It is to be noted that saprol retards 
the natural decomposition of sewage by oxidation ; unless the excreta 
be removed quickly they will be liable to grow organisms again, as 
even with such cheapness it would l)e difficult and expensive to attain 
so high a strengtii as 1 per cent. A similar reservation applies to all 
this class ; they are really more antiseptic than true disinfectants, and 
their action as deodorants is simply that of a mask. 

The jireseuce of pyridine (which is very soluble) must not l>o for- 
gotten. Neither sulphuretted hydrogen nor ammonias would be 
eflbctiTely absorbed ; hence it would be advisable to use one of the 
chemical absorbents as well. 

The flashing point of sapiol is 90" to 100* C, about the same as that 
of phenoly and suflidently high for safety under ordinary circum- 
tfeaaces. Unless heated, a light applied to it does not cause it to 

In some of these preparations containing the higher phenohiy osone 

is said to be produced when they are exposed to the air. 

With Allen's "hygiene disinfecting fluid" this is said to be the 
case, but as this fluid is recommended to be used at a strength of 
1 in 500, and the evidence of all ex]M'riuieuta go to prove that 1 per 
cent, is the lowest etfective dilution for any tar preparations, these 
statements require confirmation. 

As to the production of ozone, Dumas f endeavoured to ex])Iain the 
dight deodorant properties of the tars in the light of the experiments 
* Artk. /. JJyg., 1898. t Aeud, dea Scuneee, July 25, 1S59. 
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of Bditobaiii on tbe almiiflMit fonmtiott of oione in air iniatod with 
the vapoun of «neiice of turprattin^ but Inter ezperimeiits hare shown 
that in all probftbility more hydrogen peroxide than oione is produced 
fay the phraols in the presence of air and moisture. 

IiaL — ^In the prooees of carbonisiDg ook« in dose ovens, a tarry oil 
condenses, which contains some of the higher phenols. From it 
J. H. Warrall has obtained a clear deep, reddish^brown liquid 
insoluble in, and of greater density than, water. Its mean boiling 
point — i.e., it is a mixture — "is considerably higher than tliat of 
carbolic acid (400° F.), and it has not the caustic action on the skin 
as has tliat antiseptic ; moreover, it is non-poisonous to the higher 
animal life. " This insolubility and high boiling point " insures the 
antiseptic Ixxly remaining upon the part requiring disinfecting after 
it has once been there deposited." It remains permanently suspended 
ia water, forming a milk-white emulsion, and is hence easily distri* 
bated by water. ** It remains liquid at all temperatures above 32* F., 
while a temperature of 313* F., instead of deteriorating, only tends to 
concentrate it. It mixes readily and perfectly with water in all 
proportions." 

It was originally called the " Thomdifle disinfectant," but is now 

known under the name of "izal." 

Mr. Warrall tried isal on the Acmrut of the sheep^ and found one 
treatment to effect complete cure, " proving that not only were the 
parents destroyed, but the antiseptic body remained to destroy also 
any insects hatched from the eggs which the parents had deposited 
previous to their death" ("the time of egg-incubation luul larva-develop- 
ment is ordinarily tifteen days"). This seems to be a far more legitimate 
inference than that the eggs themselves had Ix'en destroyed. 

Klein, after a bacteriological investigation, reported that i/^d had 
**a quite remarkable bactericidal effect." According to Dr. Klein, 
0*35 ao. administereJ to a rabbity both subcutaneously and by the 
mooUi, had no effect on the rabbit s health or appetite, and Mr. 
Warrall states that 10 dwpB have been taken with iropuni^. 

Dr. Klein states that **an exposure for five minutes to isal in the 
strength of 1 in 200 completely destroys the vitality of the microbes 
of diphthwia, typhoid, fowl-cholera, swine fever, glanders, diolera, 
suppuration, erysipelas, scarlatina, and other non-sporing pathogenie 
and non-pathogenic species." 

With reference to spores he continues: "The result of all experi- 
ments on inhibition may be brielly summarised for all the twenty-five 
species t<i8t<.'d — namely, (1) spores do not germinate in medicated 
gelatine or broth if the amount of disinfectant ad<le(l he () 1 yer cent.; 
(2) no microbes {Stayhylococcui and StrepUKOccun) are capable of grow- 
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ing in medicated gelatine or broth of the ifarengtk of 0*1 per cent 
medication ; (3) all non-eporing iNwilli and spirilla fiul to grow in the 
«bove 0*1 per oenk fluid; (4) excepted from this are the BaeUka 
prodiffiosttt and the bacillos of typhc^; the former shows growth on 
gelatine raedioated 0*1 per cent. ; the growth is retarded, and always 
starts from the superficial layer of the medium; it proceeds consider- 
Ably slower than on normal gelatine." 

Dr. Bruce Clarke, of St. Bartholomew's Hospital, gives a very 
favoura))lp report of its use in surgery.* With rogarrl to Dr. Klein's 
exceptions he says that they " obviously do not concern one from a 
surgical point of view, inasmuch as B. jiro'lijiosus is not a pathogenic 
•organism at all, and the bacillus of typhoid fever does not enter 
wounds.** 

He also obserres that, ** being an emulsion and not a clear solution, 
it is not so easy to see one's instruments when they are covered with 
it. Atthesame time it miMt be borne in mind that the Tezy&cttiiat 
the floid is so singolarly unable to form chemical compounds wifii 
living animal tissues is in all probability highly advantageous from the 
germicidal point of view. Unlike corrosive sublimate which speedily 
loses its disinfectant power by combining with the albuminous snb> 
stances of the hody, izal rctain.s this power in such a remarkable degree 
because it will not combine with anything. It is also at the ordinary 
temperature of the body non-volatile, as may be easily seen by placing 
a few drops on a piece of cotton wool and leaving it several months in 
an exposetl p(»sttion.'' It is to be inferred that: — 

(1) Tznl seems, in a strength of 1 in 20U, to be a disinfectant, and in 
1 in 1,000 to l>e more antiseptic than phenol. 

(2) Not being volatile it must be strictly local in its action, 
like diloride of sina Hence it is donbtfol if to saturate a sheet 
•and suspend it before the door of a room" has much bensfidal 
4Kstion. 

(3) The quantities recommended, namely, <*for qvinlding roomii^ 
1 tsblespooiif ol with 5 pints of water," and for sewers and public dis- 
infection, ** 1 gallon in 100 gallons of water," are higher than these 
usually proposed for roost other "disinfectants," being about 1 per cent. 
As Dr. Rohe says,! " There can be no partial disinfection of infectious 
material ; either its infective power is destroyed or it is not. In the 
latter case there has been a failure to disinfect^ and the labour and 
money have been wasted." 

As a warning, however, it must be remembered that even the 1 per 
cent., when used fur sewage, becomes considerably diluted ; hence a 
great deal more must be used. Here tlie expense, a.s with other disin- 
* Laitcet, July 1, 1893. t Text Book of Hygiene, 1890, p. 35a 
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fectants, become so heavy tUat, at the vnk of npetitini, H mutt be 
laid down that the pnwtical and complete diunlbolion oi lewage bj 
any agent or process at present known eannot be attainfid exoepi at 
greatcoat. 

lawes' disinfectant fluid and ^'Odamine" are similar commardal 
ereeol products used as disinlbctants and sheep dips. 

Burophene, isobutylcresol hydriodide, {CQH^{CH^){C^H^)0n).2,m, 
is a product of the action of iodine on isobutyl-orthocresol. It is 
insoluble in water and alkalies, but soluble in alcohol and ether. It 
easily decomposes (liberating iodine), and behavea like similar organic 
iodine compf>nnds. 

Resorcinol, or ''rosorcin," is meta-dioxy-benzene, CgH^(0H)2. It 
is prepared by fusing sodiurn 7H-benzene-disulphonate with potash or 
8o<la and oxtractint; with aloohul. 

llesorcinol occurs in minute needles, colourless when pur^ bnt 
turning reddish in air. It coagulates albumen, forming a white 
precipitate. It only begins to be toxic in reiy large doses 10 to 
20 grammes per day internally for an adult, while a 2 per cent 
solution is hii^y antiseptic (Vallin). 

Andeer* Oalliaaf Dojardin-Beauroetx } liohtheim of Berne, and 
others have experimentally demonstrated that resOTdnol is a powerful 
antiseptic. Callias proved that fermentation was prevented, and 
many animal liquids preserved, by 1 per centi of resorcinol, while 
to keep milk required at least 2 per cent. 

As to its internal action, Andeer, after a dose f>f 10 grammes of 
resorcinol, experienced vertigo, dizziness, loss of smell, and salivation, 
the symptoms disappearing in 5 hours with no after effects. It is 
therefore, far less poisonous than phenoL Dr. W. Mttrrel§ has also 
reported (»n its internal use. 

Dujardin-Beaumetz employed the fine i>owder in diphtheria and in 
syphilitic ulcerations with somewhat doubtful reauUia. 1^ per cent, 
efresoreinol gradually entirely sterilised the badlU of typhoid. 

It is evident that 1 per cent, of this substance is efficiently antiseptic 
towards most micnH»gamsms. It has been employed in the treatment 
of acute fevers, also as spray in diphtheria and whooping-cough. As 
an antiseptio the dose is 5 to 20 grains. 

Andeef's lotion is resorcinol 40 grains, water 1 ounce, as an anti- 
septic and stimulant for foul sores and to allay dironic eosema and 
psoriasis. II 

* Uebrr dot Jieaorcin, Wnrtzbnrg, 1880. 

f Jteaordn em Thirapeuliquet Paris, 18S1. 

t Butt, de TMra^MtrtigiM, Juaaaad Joly, 18S1. 

§ Med, 7tm«t««d te, 1881, p. 486. 

it Squire's Compemioh i^UntB. P., 1890, p. 348. 
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For nnderiDg rooms antiMptie IL Meillitee* reooannends the diMio 
pation of phenols, &e., by heat Naphthalin, anthracene, xylol, ordinaiy 
pliend, ciesols, naphthols, bensoic add, oxybenaoie add, salol, betol, 
bensonaphthol, chloral, formal, and mercury sulphides and chlorides 
are indicated as usefiil for this purpose, hut reoordn is particularly 
recommended. It is iHsst mixed with a little hydrochloric acid, and 
the mixture should he heated in an open dish. Afterwards it is well 
to evaporate rapidly 100 gnus, of water, dther pure (v addulated with 
acetic or hydrochloric acid. 

Pyrocatechol or pyrocatechin, orthodioxyhenzen**, C,jTI^(OII)„ is 
ohtaineii by fusing iodophenol or iodosiilicylic acid with potash. Like 
almost all products of destructive distiUation it is antiseptic, but its 
properties in this respect do not seeui to liavc been studied. The 
third diuxy benzene hydroquinuue or quinol has also an antiseptic 
action, but is nut much us^. 

J. jR. Dugganf has investigated the relative antiseptic power of the 
three dioxybensenes by noting the amount required to prevent BactSm 
mtbtiiu from devdopiug in beef peptone. Taking phenol as 20, he finds 
that the ratio of the three compounds ortho : meta : para » 20 : 25 : 30, 
whilst pyrogallol is represented by 15. 

Fyrogallol or *' pymgaUic add is trioxybensene, C^H^OH)^ It is 
obtained by distilling gallic add. It is inodorous, tastes astringent, 
and is not oorrosive. Its solution quickly turns brown in air, absorb- 
ing oxygen; if an alkali be present^ the action is almost instantaneous, 
the solution becoming dark brown. This property lesds it to be 
destructive to "aerobic" organisms — those vvhich live in presence of 
oxygen. Bovet, of Neuchatel, first examined its antiseptic action,^ 
and found that a 2 per cent, solution prevented putrefaction, ferment- 
ation, and mould for some months, and that 3 per cent, was capable of 
killing bacteria. Two percent, solutions have no injurious local action 
and disinfect very well ; but it cannot be used internally, as it reduces 
and destroys the blood corjjuscles, causing hwmoglobiuuria. It blackens 
steel instruments and stains the hands. The British Medical Journal 
recommends a 2 per cent, solution as an antiseptic (1879, vol. L, p. 278). 
**A 10 per cent salve applied with a brush twice a day has been 
recommended in psoriasiB,$ but Neisser records a fiital case where it 
had been used freely as an ointment.|| 

* Journ. di Pharm. [6], vol. i., j). 8'2. 
+ Amer. Chem. Joum., vol. vii., p. 62. 
$ RvmsdekffffiiM^ 1879, p. 154. 
§ Journ. of Pharm., vol. xxv., p. 377. 

il ZeUsdurift/, Uiii. Med,, 1879, vol. L, p. 88{ Sqdn*s Oompamom, 1800, p. S7. 
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WOOD'TAR AMD OTKSB FSODUCTS. 

The labstuiceB which are formal dnring the destructive distllUtioa 
of wood in eloeed ▼eseels are very numeroiia. They vary with the 
nature of the wood and with the temperature of the distillation, and 
ate gaaeons, liquid, and solid. Charooal, of course, is left behind in 
the retorts. 

It may be mentioned here that the gsseont products of destructive 

distillation of all organic bodies are antiseptic in nature, and many 
pnqpoeals have been made to utilise them by blowing them through 
sewage, (fee, but the action is not sufficiently Oiergetic. 

The liquid portions are ))artly soluble in water. Wood spirit or 
crude methyl alcohol, CH.,OH, is obtained from them by distillation; 
it is strongly autiseptic, but is so volatile and inflammable that it is 
best used foi- otlior purposes. 

Pyroligneous Acid (discussed under Arcfir Acid, p. 225), with methyl 
acetate and acetone, are also ainon'^ the volatile products. 

The insoluble portion, which consists of wood-tar, is composed of a 
mixture of various liquids, such as the hydrocarbons, toluene, xylene, 
cymene, (the same as thoje from coal-tar, p. 148, but with little or 
no benseneX the substance called wood-creosote, and solids, such as 
pamffin, naphthalene, Ac. The lower the heat used, the larger is the 
proportion of oxidised bodies formed, and the smaller that of hydro* 
carbons and gases. So that various specimens of wood-tar differ in 
composition. 

It is probable that many of the c«ml-tar disinfectants previously 
described contain wood-tar products also. 

The proportions of the different bodies obtained by distillation of 
wood are approximately as follow:— 



Charooal, 85 

Gaaes, * 82 

Wood spirit, 1*0 

Acetic acid, 4*0 

Tar, 7*6 

Water aad other bodies, 40*5 



100-0 

Stockholm Tar, obtained from the resinous wood of the pine, is 
eztensiveiy used fat preserving ropes and sacking. The ttBell is prin- 
cipaily due to the constituents of creosote, notably to the crystalline 
body celled pyroxaathin, which, though only present in small quantity, 
is said to be one of the best preservatiyes. Stockholm tar oontains 
mudi roiln, aoefeio aoid, and oil of turpentine. When distilled it 
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leaves ft Uaiok TCsinotifl sabituioe whieh eonatitiitei oidinary pitch, 
and has been ued in many patent! for fbrnuBg solid block diainfect- 
ante. The ipeoUic gravity of the ordinary wood-tar of commeroo is 
about 1*04 ; when ponred on water a portion floats and some dis- 
solves^ like saproL 

Betinol is simply the produot of distillation of ordinary resin. Its 
antiseptic properties are feeble. 

Seaol is the name of a disinfectant which hiia been introduced from 
Germany. It appears to be similar to creolin. It is mado by saponi- 
fying 1,000 parts of wood-tar with 9 parts of caustic potash, and adding 
200 parts of "an indifi'erent body such as wood-spirit." (The latter 
would, on the other hand, add considerably to its antiseptic power and 
aid in the saponification.) Resol is said to be an active bactericide, 
killing typhoid, anthrax, and similar bacilli in five or ten minutes with 
a 3 per cent, solution. 

Wood Creosote contains some j)henol and cresol, and quantities of 
oxyphenols like guaiacol, creosol, and a little pyrocatechoL It ia more 
antiseptic than coal-tar creosote, and has a difoent and more agreeable 
odour, but a more bnming teste. It immediately coagulates albumen. 
It is not easUy inflamed, but when kindled bums with a smoky 
flame; it has been proposed to mix it with spirit and bam it in lamps 
fbr fiunigstion, bat the sooty flame so produced retards its vm. If 
swallowed in doses of more thana few drops it acts as a poison, so thst 
its internal administnUaon most be attempted with canMoiL Thoogh 
sparingly stdaUe in water, the latter acquires from it its peculiar 
odour, pungent taste, and much of its antiseptic power. Alcohol and 
acetic acid dissolve it freely, so do the hydrocarbons <tf tar. 

It combines with potash to form a crystalline com][H)und ; solutions 
of soda and ammonia also dissolve it. It is one of the most powerful 
antiseptics known. Meat that has been plunged into a solution con- 
taining 1 per cent, of creosote gradually becomes dry and hard on 
exposure to air, and acquires the flavour of smoked meat, but does not 
become putrid. A considerable proportion of creosote (from 1 to 1^ 
per cent.) is held in solution in the crude pyroligneous acid obtained 
during the destructive distillation of wood ; and on saturating this 
acid at 167" F. with effloresced sodium sulphate, an oily matter which 
contains a large proporthm of creosote is separated. Grade pyrolig- 
neooi aeid on this aoooont is often employed for preterviiq; hams and 
sslted provisioas, to which it oornmimioaftsa the same flavour as if they 
had been exposed to wood-smoki& 

A great many patents relate to the wanufjsctnre of a disinfeotsnt by 
distilling peat; this wonld bo mainly c ro eso t e . UnliBrtanstely the 
yield w snudL 
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GfBOtote it wed for oariom toetb, for fcetid ulcem, and in many 
cuteneoos affeetiona, eapeoiallj tlioae that are parasitic. 

J. Ekmunerbrod^ after nine years' trials, g»Te a most fovooraUe 
aooonntof itsaetionin taberonlosia» In doses of 1 to 4 grains per day, 
in oapsnles with ood-liTer oil, ^'it is well b<»rne by the stomadi and 
does not deerease the appetite."* If applied to the skin ia a concen- 
trated state it produces a white spot like phenol, aud the skin peels off 
without any attendant inflammation. Creosote dissolves many organic 
bodies, such as camphor, the fittty and volatile oils, aud many of the 
resins. Therefore it has been a frequent ingredient in compound 
antiseptic pre[)arations. It is much more costly than the coal-tar 
product, hence could not be employed largely in public sanitation; 
and its smell in some cases has been known to produce nausea, head* 
ache, and vomiting. 

Heichenbach in 1830 discovered the antiseptic powers of creosote; 
iifter a long period of trial it fell into discredit, and now is only 
employed for the uses above meQtioned.t 

Plants wa te red with creosote tolvtioa at onoe die ; henee it cannot 
be vsed as a horticoltoral inseetieide. Most miero-oiKanisms are killed 
fay it in a strength of ^ per oenl, and their spores are prevented from 
developing. In very small quantity it prevents fermentation, the 
action of diastase on starch, ite. 

Buoholts asserts that <*1 in 1000 was not sufficient to sterilise 
vegetable infusions; it required 1 per cent, to completely sterilise 
germs and bacteria." 

Quaiacol, methoxy-phenol or methyl-pyrocatechol, C5H^(OCH3)Oir,. 
is a colourless liquid, becoming brown in light (therefore should 
be kept in non-actinic bottles). Its odour and taste resemble creosote^^ 
of which it constitutes a large portion. It boils at 200° 0. Only 
\ per cent, of it dissolves in water, but it is more easily soluble in 
alcohol, wood-spirit, iocetic acid, and in alkalies. Sodium-guaiacol 
resembles sodium-phenol. 

Ferric clilorido gives a brown opacity with the aqueous, and a, 
blue colour with the alcoholic solution ; hot sulphuric acid gives an 
orange coloration. On shaking 4 cc. of guaiacol with milk of lime 
(10 grammes lime in 10 cc. of water) white crystals of a lime^guaiacol 
compound slowly form. 

As the antiseptio value of wood creoeote is due partly to the 
gnaiacol which it contains, it is important to note that recently tiiis 
ingredient has been removed from foreign creosotes. 

*Ba'lin. Klin. ]Vochen»chr.t Oct. 19, 1891. 

tSss a monograph by M. LahMehi the "Dktwnutire tfev Sd«tue$ MtOmlu,** 
art. Crsosots. 
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DISINFECTION AND DISINFBCTAMTS. 



The laigest qnaotity (60 to 90 per cent) exitto ia beedi-wood 
creoflote, bat it alto hat been obtained by distillation of gaaiaemn 
resin, whence the name. 

Its physiological valtte was first pointed out by Seidel in 1880 
P. Ifarfori* finds that 1 part of guaiacol should dissolve in 60 <tf 
water, and that impurities render it more soluble. It first excite^ 
then paralyses the nerve-centres, and reduces the temj»erature. Thera- 
peutically it is similar to phenol and pyrocatechol, but not sfi poison- 
ous. In a latfM* pjipcr t the same autlior states that its antiseptic 
jx)\ver is greater than that of phenol in the ratio of 5 to 2, and that 
O'o to 1 per cent, destroys Jiacillu^ fn/ierriiloHi.'t in two hours, while 
other bacteria are killed \vith their spores in 'JU to '^0 minutes. 

The hypodermic solutions known as Picot's, rignol's, tmd Morel- 
Lavallee .s contjiin guaiacol. 

It has been used for phthisis, administered in ood-liver oil or in 
weak spirit. 

Gnaiacol-eurboxylate, C«H3(0U) (OCH J.COOH, is obtained hj 
saturating sodium guaiacol with carbonic acid, heating, and pre> 
cipitating by hydrochloric sdd. It is, therefore^ a methoxyHMlif^lic 
acid, and has naturally been credited with antiseptic and antipyietic 
properties, t 

QreOBOl, or methyl-guaiacol, C«H,(CH3)(0CH.,).0H, is the chief 

ingredient of ordinary wood-creosote. It resend)les j,niaiacol, but has 
a higher boiling point, is heavier, and lets soluble. Its antiseptic 
power is said to be a little higher. 

A comparative study of creosol, guaiacol, and wood-creotote» with 
and without the low boilin[» s[uaiacol, would l>e of value. 

A disinfectinL,' tlui<I called "soluble creosote," containing some 
wootl-creosote, is in the markct.§ 

"Little's Soluble Phenyle," made by Mf^rris of Donc^ister, was at 
one time in hiijh repute in the north of England. It is recommended 
by Dr. Kohe as a g(XMl disinfectant at a strength of 2 per cent]| Prof. 
Corfield after lengthy experiments spoke highly of it. "It is non> 
corrosive and non-poisonous. 1 per oenkt, in watw it more powerfid 
than 10 per oent of the best known antiseptics Ibr wounds, ulcert, 
And for use at poBtmorltnu, The powder is also energetic againtt 
vermin. It appears to be derived from wood>tar creoaoie, and would 
tske rank with the other preparations. 

• Chfni. CentralblcUt, 1S90, p. 155. t Ann. di Chimica, 1891, vol. xiii,, p. 3. 

* See also Btnzotoi, chap, ix., p. 197. i Chtm. and Drug., Oct. 26, 1693. 

B Rohe^i ffpffkiie, 1890, p 898. 



Digitized by Google 



OBOANIC ^UBSTAMOn. 



177 



NAVBTBAIJnni MQSITATIVBSa 

Aooording to Bncholtz, diphenyl compounds or bodies oonteining 
two csrbon **riogSf" are more powerfiillj antiseptic tbui those 
omtsining only one such gmop. The toxic beluiTionr of such com- 
pounds is also diminished. 

' NapMhaltiM itself, C,^Hg, has been already described <pL U8). It 
is useful as an insecticide, bot is not a disinfectant It is employed 
locally in scabies as a 10 to 20 per CMit. solution in olive oil. It is 
to be avoided where large surfaces are exposed. It is also used as an 
Antiseptic for wounds. Dr. Mirovitch considers naphthalene of high 
value against ascnrides and tape-worm, in doses of 15 grains, followed 
by a large dose of castor oil.* 

Some commercial ** disinfectiiifj powders " have been proved to 
contain little else than naphthalene and earthy matters. It is hardly 
necessarv to sav thev are of little value. 

Helbing states t that " the observations of Pava,s, Dor, Hess, 
Magnus, and Kolinski, among others, led to the conclusion that 
nsphthalene is unsuitable for use in medicines. It acts injuriously 
on the optic nerres and the retins, and upon the kidneys. A small 
quantity of camphor is said to largely corer its odour without affecting 
its value as a preventive of moth."! Tidy advocated the presence * 
of naphthslene in the creosote used for preserving timbers. 

H^phtbaleoe-ni^phoiiie adds, Oi^H^SO, . OH).— By heating naphtha- 
lone with concsntmted sulphuric add, two isomeric adds of this 
formula are obtained. They are deliquescent crystalline substances, 
soluble in wat>er and strongly acid, and almost inodorous. The a-acid 
changes into the jS-fomi when further wanned with sulphuric acid. 
The resulting mass is dissolved in water, saturated with chalk, and 
the lime salt crystallised (the w-salt remains in K«»luti()n). Addition of 
sodium carbonate will then comert it into the sodium salt, which 
has been occasionally used as an antise})tic. 

Naphthols, C,„H-..OH. — Each of the above sulphonic acids, when 
fused at a moderate temperature witli caustic soda, yields the corre- 
sponding naphthol. These are purified by pressure, distillation and 
crystallisation from hot water or petroleum ether. 

a-Naphikol resembles the jS-form closely, but mdts at 95* and boils 
at 279* C, and with hot ftrric diloride gives a violet colour. 

^•NaphUtolf as being more abundant is the commercial artide. It 
crystallises in lustrous plates, smeUs like phenol, and has a hot and 
terry taste. It melto at 122* and boils at 286* C, and gives a green 

* Lanca, 1891. t JTocfara MoL Med., 1891, p. 54. 

tSseslioFIadMr, JM Time§andaM^ 1881, p. 718. 

12 
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tint when heated with ftnic ofalonde, Both the ni^thols are readily 
volatile with ateam. The crystola ihoiUd be ooloorleis, should not 

darken in light, should be neutral, and leave no ash on platinnm. 
It is almost insoluble in cold water, but dissolves in about 11 parte 
of boiling water, in 2 of rectified spirit, in 1^ of ether, 24 of chloroform, 
12 of olive oil, and in 4 r»f glycerine. It is a powerful antiseptic, and 
was first proposed for skin tliseases by Kaposi in 1881. It has heen 
given internally in diarrho-'a in an emulsion with oil, and is very 
effective in parasitic diseases and in chronic eczema* in ointment form 
(3 to 10 per cent.), or in alcohol solution (2 to 10 per cent.) (l/eibiiig). 
A daily doso of 38 grains will produce intestinal antisepsis. It has 
also been used in typhoid fever. f A solution of 1 in 1,000 has been 
successfully used for preserving anatomical preparations. 

Pro£ Bcmohard, in a report to the Academie des Scienoee in 1888, 
detailed oertain experiments on the antiseptic power of iS-naphthoL 
He says that he foond 0*4 grm. of it to have the same effect as "025 
grm. of mercorio iodide, 2 grms. of phenol, 1-6 of creosote, 1*27 of 
iodoform, 2*7 of iodol, or 1*1^1 of naphthalene.| He values it higfalj 
for external use. ** But what is more impturtant is, that it appears to 
he the most efficient agent for intestinal antisepsis, on account of its 
slight solubilii^, which prevents its absorption, and allows it to 
remain a long time in tlie intestine without any poisonous cftVcts. 
A dose of 1 grm. per kilo, of body-weight may be administered without 
danger." § 

Lesser and Neisser recorded symptoms of poisoning by /3-naphthol, 
which Shoemaker uttrilmted to impurities ; a conclusion largely con- 
firmed in 1888 by an exhaustive examination of this drug by Willing.'] 

Dr. A. G. Gibson,1I of the Edinhurgli Medical Infirmary, used 
2 grains of ;i naphthol two or three times a day for the antiseptic 
treatment of pernicious anajmia. In a large number of cases, im- 
provement was extremely rapid when iron had been used before. 
Br. Gihsott finds that irritation is smnetimes caused by the drug, and 
to prevent this he administers it together with a bismuth preparation, 
such ss the salicylate. 

It has been recently observed that flt-naphthol and salol (p. 199) 
when rubbed together form a liquid. /3-naphthol, <m the other hand» 
does not liquefy, hut^ like many other substances, it becomes a 
permanent fluid when melted with camphor, so forming "csmphorated 

* Med. Timtt and Gaz., 1882, vol. xi., p. 505. 
f BrU, Mti, Jowm., 1888, voL xL, p. 1226b 

$ The ezperimcnta make nsphtbalme a rt fo n ger satiaeptie than phsnel. Teat 

BookofPharm., 188S. § Brit. Med. Journ., 1888, p, 1185. 

A Httlbing, Mod, MaL Med,, p. 53. % £dm, Med. /oem., October, 1890. 
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^napbtliol," used, according to Fernet, with great success for boils, 
«orjn, angina diphtheritica, and tuberculosis. A^rainst the latter It 
was given by injection in doles of 2 grms. mixed with oil. 

Reboul cured twenty-one out of twenty-seven cases of tuberculous 
inlands l>y <nnptying any abscess formpd, and injectinj? 7 or 8 drops of 
camphorated naphthol, repeated every two days. iSimilar results are 
recorde<l by Nelaton.* 

Betel, naphthol salicylate, C„H,(OE[).CaOC,on-, is a white, crystal- 
line, iiio<lorous, and tasteless powder, neutral, insoluble ixi water and 
in glycerine, diliicultly soluble in alcohol and turpentine. It dissolves 
in 3 parts of hot alcohol, in ether, benzene, and in warm linseed oil. 
Melting point, 95* C. Hot adds or alkalies reconvert it into salicylic 
acid and jS^aapbthoL It is prepared nmilarly to aalol (p. 199). Anti- 
septic ; now almost disueed. 

"IDeioeldiiiB,'' chiefly oomposed of sodium-^-naphthoI, OioH^ONai 
also oontains phenols. Prepared by the action of soda and heat on 
i3>naphthoL It is more soluble but less antiseptic than the latter, and 
is somewhat irritant and caustie. It possesses no qpecisl adTsntage. 

"Alamnol." — By heating the naphthols with sulphuric aotd, several 
naphthol-sulphonic acids are obtained. Certain of these, saturated 
with aluminium hydroxide. :;ivc an aluminium salt to which the above 
name is applied. Aluranol contains 5 per cent, of aluminium. It is a 
white stable powrler, very soluble in water, and soluble in alcohol with 
a blue lluorescence. It dissolves in srlvcerine, but not in ether. It is 
slightly acid. With albumen and sielatine it forms preci])itates which 
are readily .suhible in excess. "Judiciously employed it produce.s no 
injurious effects. Very large doses are required to produce any toxic 
action on animals." t 

Prof. Eraud, of Paris, praises it highly as a dressing in simple 
wounds, in ulcers, and as an injection in gonorrhoea ; also the powder 
as a dry dressing. He finds it to cause neither irritation nor pain. I 
**Am a soluble non*t(nic astringent, strongly penetrating and antiseptic^ 
it seems to deserve a place. Excellent results have also been obtuned 
by using solutions of } to 6 per cent, in laryngitis and pharyngitis. 
Dr. A. Spongier, of Heidelbefg, considers alumnol quite equal to zino 
chloride, while it has the advantage of not being unpleasant to liaa."| 

Hydronaphthol seems to bo jS-tetrahydro-naphthol, OiqHijO, obtained 
by the reduction of j3>naphthol by sodium. It forms white shining 
crystals with an odour something like creosote, slightly soluble in 
water, easily in spirit. Dr. Bryce recommends the external use of 
1 part of hydronaphthol dissolved in 10 parts of rectified spirit to 

* Helbing, he. rU. t Heintz and Liabroeht, Pharm, CeniraJhalle, 1892, p. 687. 
X Cheat. Md Dmif., Jsn. 81, 189& | Ltmeet, April 21, 1894. 
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which suffident glyoerine is added to mdce a 1 per eeni. aoliitieiL 
**In this form the antiseptic properties are well narked." DodcreU 

has used it very successfully in a plaster against Timn toyunmns, 
Mr, M» Clarke found it of great value in enteric fever and diarrhoea. 
He says that it has a very distinct retarding effect on digestion, bat 
does not much interfere with that of milk. 

Hydrona|i}ithol gauze 5 j)er cent, is reconiniended as very lasting, 
and as compatiljle with albuminous fluids.* 

a-Hydroxynaphthoic Acid, called also simply o.xynaplithoic acid, 
Cj(,H,;(OH) COOH, is formed by the actiun of carbonic acid on sodium- 
naphthol. It melts at ISG" C, is sparingly soluble in water, but easily 
in alcohol, ether, and the alkalies. 

Collodion impregnated with \ per cent, of it has been used as a 
Bttbetitttte for iodofonn-oollodion, as it ia non-irritant and more atable.! 
BUenberger and Meiater establiahed ita bactericidal properties. A 
S per cent, ointment is antiseptic in scabies. Its salta are not antiseptic; 
It has not been determined whether it ia completely innocuous.^ 

^^Chhronafklhajlene** and **naplUk€teum** aroused for disinfecting 
flocmeta in one of the London districts. 



CHAPTER IX. 

OBOAHIO SUBSTAirOSS (ctmfmued). 

mtro-Oomponnds : Nitro-Benseae— Nitio-Phenoli— Trinitro Ftienol or Pleric 
Add ; its value as an insecticide — Nitro-Creeols — Nitro Glyoerins— 

Nitro cellulose — Collodion. Amide- Compounds : .-Nnimonia — Compound 
Animonins or .Aininoa — Amides — Amido-Acids — Imido-Cum]>ound.s — 
Hydroxylamiuc — Hydrazine — Metbylamine — Diniethylamine — Trimethy- 
IoinIm — Propylamine — Amylamine — The ** Amines FTOoess" — Aminol— 
./4n»/in«— AceUmiltde or ADtifabrin— i4ftt/tNe Dyta as ^nlMtjiCieii- Methyl* 
Violets -■" Pyoctaniii ■' — Researches on their Antiseptic power - Anyoiiin. 
Pyrrol- Compounds : Furfurane—Thiopheno Pyrrol— /orfo/ or Teti n lo.lo- 
Pyrrol— i4n<i/>yrin or I'heuazone— Salij'yrin, Ac. Pyridine Qroup, &c : 
Conine — Piperine — ^rt(fi*ii« — Antiseptic properties <if Tobaooo-amoke— 
Nicotine — Various Patents as to Pyridioe, Ac. — Indole — Ttyoeine — 
Qmiitotine or Leuooline — Diapbtherin — Loretia — 7%tMiM — QaAitne— Antt« 
aepkoL 

NITROCOMPOUNDS. 

Thb aromatif nitro compounds are characterised by their poisouous 
properties, ycveral of them have been suggested as disinfectants. 

• a. W. Williams, Chem. and Drvj., 1893, p. 735. t IbiJ., 1889, p. 34. 
t Jownu o/Soc, qfChem, Indutry^ 1888, p. 226. 
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Nitro-Benzene (" Nitro- Benzol "), C',.H,_(NO,), is a heavy yellowish 
oil with an odour like bitter almonds. It ia a disinfectant, because it 
kills bacteria, but its poisonous character and insolubility render it 
unsuitable for general use. Pettenkofer and Lehmann • state that 
the vapour of nitro-benzene " even in large quantities had no serious 
effect;" but many aniline workers have experienced that it is 
nauseating and narcotic. The same may be said of Nitro-Tolaeiie, 
0^114(0113) (NOj), &c., and the di- and tri-nitKHioropouiidi. 

Ortho- and Pim-Hitrophenoli, G«U«(N02)0H, an obtained by 
acting on phenol with nitrio add. Both are slightly B<^able in 
water, add, germiddef and poisonooa. Their sodinin compoonds are 
soluble and antiseptic. There are no records of bacteriological experi- 
ments with reference to them. 

Trinitrophenol, "picric'* or "carbolised acid," C«H2(N02)30H, is 
easily prodaoed by the action of nitric acid on nearly all organic 
bodies that contain the benzene nucleas. It occurs in pale yellow 
plates, and is very acid, little soluble in water (about 1^ per cent.)| 
but soluble in alcohol. Its salts are yellow and explosive. 

It is a very powerful germicide ; it ulmost immediately combines 
with albuminoid substances, staining them yellow, precipitating the 
albumens, and causing the death of protoplasm in exactly the same 
way as iodine ; hence it is rapidly fatal to both bacteria and spores. 
It does not, however, like iodine, permanently colour starch and 
cellulose. The aqueous solutions are extremely poisonous, irritant, 
but not corrosive. 

Jalan de la Croix f fonnd that baeteria in white of egg infbnons 
were killed by 1 in a 1,000 of picric add, but resisted 1 in 5,000. He 
also points out that a solution of 1 in 200 prevents growth in bomUon, 
while i to 1 per cent, was required to destroy the germs ; this would 
be a nearly saturated solution in water. Gheron % disinfected the 
latrines of a hospital by the use of 10 litres of a saturated solntkii 
(H per cent). He found that it arrested fermentation, and the 
action of diastuse and synaptase. The germination of seeds was also 
prevented. It hindered the ammoniacal change in urine, even in 
cases of vesical catarrh, when given to a patient, or injected into the 
bladder. 

Schwartz asserted (1880) that a minimum dose of 1 in 15,000 of 
picric acid killed the bacteria of tobacco infusions transferred to 
Pasteur's solution, whereas Kuhn maintaini-d that 1 in 1,000 was 
necessary, thus ugrcu-ing with Jalan de la Croix, 

Picric acid is used in histology for hardening and preserving tissues. 

• Acad. d. iVisseiVfch. :u .Viinchen, 1887, p. 179. 
t Arch,/, exp. Pathol.^ Jan. 27, 1881. X J. de T/kraptuf., Gubler, 1880, p. 121. 
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Vflillm states * that 60 centigrammes per day produce in man, besides 
ft deep orange colouration of the skin and urine, a slowing and 
weakening of the hearty prostration of strength, vertigo, aoid stupe- 
fiu^oD. 

Kinloflh has moantlj patented picric acid m "aainwwtldde^" anti* 
septie and dismfectanLt 

Bzoept M an inaeefeidde, when its itidning {xiwani and poiaonons 
action on plants and animaUi would be against its van, picric add may 
be prononnoed to be nnsatiitfiictory for disinftctioiL There Is still, 
how9vw, a possibility of its being of special service in killing those 
nucnHMCgauisms that only metoniic chloride will touch, as Klein 
has shown, with some difficulty. Farther experiments would be 
desirable. 

Potassimn Dinitro^hrtbo-Cresol, 0^11o(N0,)|(0H,)0£, oeenrs in 
yellow needles, inodorous, sparingly soluble in water, poisonous, and 
explosive by heat. Tiierefore, it is used as a yellowish paste, mixed 
with soap and glycerine, and thus dissolves easily in water. It has 
been lately introduced into this country under the name of *' Anti- 
nonnin" (F. Bayer »k Co., Elberfeld). "Properly diluted it forms an 
efficacious and safe insecticide, and does not injure plants. Though 
originally intended to destroy certain kinds of caterpillars it has been 
found to be fatal to mice, ants, snails, and all kinds of plant-lice, as 
well as protecting wood from dry rot and fungi. 1 kilo, of antinonnin 
in 300 litres Is found most eibcdTe for Ulling lower, plant life and 
inngL House and field mice succumb to three>twentieths of a grain, 
best mixed with flour-paste." X The specification states thai 1 in 400 
<Kf water kills all Insects, also fungi which rot timber; it may even be 
used more dilute if time be given. Soft soap, J part} increases the 
power." 

There are a huge number of other nitro-oomponnds of the aromatic 

iproup, of similar properties, but of no special interest 

Nitroglycerine, OsHjCO.NOj),, is said to be antiseptic when dissolved 

in alcohol and poured into water. 

Nitrocellolose dissolved in other or acetone is used under the name 
of Collodion for ])rotecting wounds, &c. Being insoluble in water and , 
the blood fluids, it has no antiseptic power. 

AMIDO-COMPOUNDS. 

Anunonia, NH3, has been described among the alkalies (p. 109). It, 
like the other protiucts of putrefaction, is fatal to the bacteria which 
produce it, and tho bactericidal power of ammonia, sulphuretted 
hydrogen, and even of carbonic acid no doubt materially assist in 
« JMtipfeetantt, p. 15C. t J^atcnt No. G,243, X Patent No. 3,301, 1892. 
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retarding natural decay. Animal matter placed in a 5 per cent, 
solation of ammonia remains free from putrescence for a long period. 
Wm added to gelatui in wbioh pntreftcttim bad been already set up, 
m 6 per eeat. sdntioa caused tbe pntre&otion to oesae. In an atmo- 
spbere impregnated witb ammonium carbonate, meat can be kept for 
six montbsy and at tbe end of tbe time remain unaltered. 

In all tbese oases it is necessary tbat tbe material be kept closed* 
or tbe ammonia would rafadly escape. On account of its alkalinity, 
smell, and irritant action, it bas not been mucb used. Tbe fact that 
its Taponr, wbich is at first stimulant, soon becomes excessively de- 
pressant, also militates against its use for rooms. The compound 
ammonias, or amines, formed by replacing succesaively the atoms of 
liydrogen in ammonia l^y basic organic radicles, have greater antiseptic 
projierties. Metiiylamine, NH^{CJf.,), tlio simplest of these amines, is 
a gas ; others are more or less volatile licjuitls ; while the more compli- 
cated organic bases, like the alkaloids, are white solids. They are all 
alkaline, form s;ilts with acids, and the volatile ones have an amraoniacal 
odour. As a cIjuss they are pois tnous, therefore they are antiseptic 
and may be ilisinfectant. They absorb sulphuretted hydrogen, but of 
course do not absorb ammonia. 

Tbe add oiganic radides, audi as acetyl (CH3.CO), may also replace 
tbe bydrogen in ammonia, forming a dass of bodies called amides, e.y., 
acetamide, CH2.CO.NHy wbieb are usually crystalline, neutral com- 
pounds wbicb are soluble in water and more or less volatile. A fow, 
like acetanilide^ are antiseptic; 

Hydnnylainine, NH,OH, bas been tried hj Bing and otbers in skin 
diseases. It acts as a reducing agent and is a strong germicide. 

Hydrazine or Diaminey N^^, bas been found by Loew and Bucbner 
to be powerfully poisonous to animal, vegetable, and bacterial life. 

Metbylamine, CHjNH^ is a gas with a strong alkaline reaction. It 
is more basic and more soluble in water and in alcohol than ammonia. 
Its odour is like that of herring-brine, in which it is contained. The 
hydrochloride, (CH3)NH„.HC'!, crystallises in deliquescent, very solu- 
ble plates, which give oH' metbylamine on treatment with potash. 
The sulphate forms an alum, (OH3NH2)2H.,SO^, Al^CSOJ^ 24HgO; 
this is a powerful disinfectant, but has not been much U8e<l. 

Dimethylamine, (( 'H3)oXH, occurs in guano and, in small quantities, 
in pyroligneous acid. It resembles the preceding. Neither of them 
seem to have met with any practical application. 

Trimetbylamine, (0H3)3N, is a very volatile, alkaline, and inflam- 
mable liquid, eztremdy soluble in water and alooboL It also bas tbe 
fisby and ammoniacal odour. It is obtained from berring-brine, and 
is made in large quantities, with ammonia, dimethylainiB% metbyl 
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ailoohol, and methyl cyanide, by diMtilling '* Tinane^" a nddae d the 
heet-ragar mannfaetare. The eonree is '* Betaine," the interoal anhy* 

di idf of trimetliyl-amido-acetic aci«l, < 'H ,.CO.O.N(CH3)3. 

In Patent No. 1G,242, 1888, il. WoUheim claims its use "for de- 
stroying, in a very short time, the vitality of all germs and spores 
which ean produce disease." Its compounds with acids crystallise 
well, and resemble the ammonia salts, but are more soluble in alcohd, 
and are said to be poisonous. 

The Ethyl- and Pnpyl-amiiiM are simikr, but of greater density and 
higher boiling point. Propylamine (C^Hy)!^^ is metameric with 
trimethylamine, and resembles it. 

Amylamine, (C5H7)NH^ is contained in the products of destructiTe 
distillation of animal matters, such as heme oil. It is a liqaid smelling 
like burnt feathers, is antiseptic, but seems to have no special tidvantage. 

The Amines process fur treating sewage consists in the utilisation 
of horring-brine with lime. This liquid is a mixture of amines, with 
trimethylamine prodoniinating. Klein and otliers, who tested the 
etfliient biu'terifilogitully, reported very favouraljly on tlie process, 
itssertiiig that the. nvsult was complete sterilisation, that 1 per cent, 
of trimethylamine was sulUcient, and that the (»peration was easy 
and inexpensive. Objections were nuule l)y others on the score of 
(1) the ofTensive odour of the precipitant ; (2) its detcrioraiion on 
keeping; (3) in the case of its application inland, the quantity of salt 
that must be discharged into riven ; (4) the danger of the effluent 
being poisonous to river^fish (this is not proved of the small quantity 
of trimethylamine that would remain as, being volatile^ most of it 
evaporates into the air) ; (5) the alkaline character of the darified 
water ; and (6) the difficulty of procuring a sufficient supply of herring- 
brine. 

"Aminol" is the name given to the mixture of methylamines 

obtained by distilling herring-brine with lime according to the patent 
mentioned above. It is a clear colourless liquid, alkaline and odorous 
of the bases. It is permanent when kept tightly enclosed, but easily 
loses strength when opened. Two solutions are applied: — "D" 
(ilisinfectintr) for general disinfecting purposes, is said to be a "perfect 
deodoriser, non-p<5isonous, non-corrrtsive, and does not stain ; ' and 
"R" (Remedial), for medicine and surgery, " efficient remedy in ail 
suppurative, phlegmonous, or fermentative disease process( s." 

Aniline, C^H,,(NH2), amido-benzene, is now made on a large scale 
by the reduction ot nitrobenzene by iron filings and acetic acid. The 
residue, acetate of iron, is oxidised to "red liquor," ferric acetate, 
and has been used in IVance as a disinfectant. Aniline also occurs 
in boneK>il (p. 190). 
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It is an oily liquid, colourless when pure, but turning brown in air 
and light, boiling at 184° C, but easily volutile with the vapour of 
water. Its melting poiat ie 0*8* C, uul ipeeific gnivity 1*036. It is 
soluble In 31 parts of water, very soluble in alcohol, dec., and forms 
soluble crystalline salts from which the base is sgsin liberated by 
potash, sods, or lime. 

It is poisonous, and hence a germicide. It slowly yolatilises at 
ordinary tempevatnres, giving a rapour of oppressive tobaoco-like 
odour, which also kills bacteria, but does not easily affiwt their spores. 
Pettenkorer and Lehmann assert* that 0*1 per cent of aniline vapour 
in air is dangerous to man and animals. From this fact, and the slow 
rate at which it diffuses, its use for fumigation is negatived. 

The salts are antiseptic, and, being acid, absorb ammonia and com- 
pound ammonias, 1»ut not sulphuretted hydrogen. Angus Smith t 
places aniline in his sixth class — i.e., as moderately autisoptic. Dr. 
Fischer has shown that tubercular sputa mixed with ten titnes its 
volume of aniline water, is completely disinfected in twenty four hours. 
Tills is e<iuivalent to the action of a f) per cent, carljolie aeid. At the 
present price of aniline, it seems to be a disinfectant which is worth 
trying. 

Substitatioil Fraducts. — An immense numl)er of these have been 
obtained, aniline being much more eairily acted upon than benzene. 
They are generally antiseptic, liut have hitherto not yielded any satis> 
iactory results for hygienic purposes, and are less soluble and volatile, 
and often more piHsonous than aniline itself. 

Acetanilide, "antifebtin,** or phenyl-acetamide, C«H,.NH(CI0.CH3), 
prepared by boiling aniline with glacial acetic acid for several days, is 
a white crystalline and easily soluble powder. Its melting point is 114* 
(RiUert)t and boiling point 295°. Potash and acids slowly reconvert 
it into acetic acid aod aniline. In 3- to 8-gmi. doses it is antipyretic 
and analgesic in fevers; externally it has lieen used as an antiseptic 
for wounds, but 30 grains in twenty-four hours has been found to 
produce poisonous symptoms, A special therapeutic commission^ pro* 
nounced it inferior to plunacetin and anti})ifr'ni (p. 189). 

Fara-brom-acetaoilide, "asepsin,'' or "antisepsin," 

C,H4Br.NH(0O.CH,)^ 

is said to be anodyne and antiseptic. This must not be eonfimnded 
with "aseptin." 

AnUilie Dfttt as AntlMptiei.— Seversl of these have long been known 
to have the power of penetrating into living animal and vegetable 

* Atad, d, WiMouek. ts Munehait 1887, p. 179. 

t DM|r««Ms, Bdhk, 186a t Brit, JTsd. /Mcm., 18M. 
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strnetares, different dyes selecting different parts and species ; there> 
fbre, they are widely employed for microeoopic staining. Their actioa 
^Msenn in extremely dilnte aolntiont, and !■ out of all proportion to 
their poiionons aetion on higher awimali. 

The effect is to lower the Yitality o^ and, finally, to kill the 
isms. Henoe it became a matter of interest to see how &r they could 
be used as actual disinfectants. 

Koch proved* that a number of the tar dyes were inhibitoiyto 
tubercle and other bacilli^ both in local and in internal application. 

The Methyl Violets are mixtures of hexamethyl-ro^^iline hydro- 
chloride— 



0^«.N(OH,),.CI, 



with the salts of penta- and tetra-methyl voMniUnea. They oeeor in 
Amorphous, dark blue masses (the pure hexa^xmipoond is in large 
•deep violet crystals), soluble in alcohol, sparingly in water, but gives 
it an intense violet colour. 

Professor Stilling, of Strasbnrg, has experimented on the disinfiBct- 
ing power of methyl-violet^ and has found that a paste made with 
wheaten flour, with a 2 per 1,000 solution of methyl- violet added, 
does not turn sour, however long it is kept Milk mixed with the 
same quantity does not turn sour, butter and bacon soaked in a 
atronger solution (I in 500) and dried, become superficially stained, 
hut do not afterwards bocorae rancid. Mucor atoloni/er was sown 
upon rolls of bread, some of which wcro soaked in a 1 in oiJU to 1 in 
1,000 solution of the dye, and some in water only. On the latter a 
growth appeared in twenty- four hours, whilst on the former none 
<K>uld be noticed after fourteen days. He has given tho name of 
""pyoctanin," from too;, pus, and xrao;, stain, to methyl violet, and 
says it can bo had absolutely pure from the firm of E. Merck, of Darm- 
etadt. " Certain auramines proved to be the next best, when used in 
solutions of I in 4,000 to 1 in 1,000." t 

Dr. G. Prioux I points out that solutions of pyoctanin and gentian 
violet^ 1 in 100 prevent the development of miero-oiganiams. Weaker 
«olutions (1 in 500, or even 1 in 2,000) arrest the cnltaxes of typhoid 
and BaeUrkm eoU eommmnia (the ordinary mietobe «f the ia1if1iniiii): 

• MUtlitil. a. d. K. GtKundh., 1881, vol. i, p. 234. 
tXaaeet, 1890, voL xL, p. 965. 
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1 per cent, solutions of safranine (an orange-red dye containinir at 
least three " benzene rings ") have also been showa to hinder £berth's 
bacillus from developing. 

Solutions of blue pyoctanin for general sorgerjr, ointments, powders, 
and dressings have heon introduced. 

Dr. Petersen found that these preparations were as effective as 
those made with iodoform, without the unpleasant odour, and without 
any bad effects or symptoms of poisoning. Dr. Waosehsr stconglj 
TCoommended a 1 per cent, solution iar ophthalmie use and la nretiml 
disehaiges, as lessening local irritation. Thej have also been nsed for 
nassl and other cayities of the body, to stop snpporation. Von 
Mosetig treated malignant tmnonrs bj injections of methyl Tiolet^ and 
believes that complete core by this metiiod is possibia 

Tellow Pyoctanin is an "auramine," obtained by acting on dimethyl- 
aniline with phos[;enr\ and then fay ammonia; its formula is 
0[C^4.N(CH3)j2.1tH. It is a para-dorivatiTe of benaophenoiie, 
and is specially recommended for ophthalmic practice. 

'* Apyonin" is said to be also an auramine^ and is intended £or the 
same purpose as the last. 



PYBBOIi OOMPOUKDa 



There are otber rings analogous to the bensene ring, but containing 
4 or 5 atoms instead of 6. Those with 4 carbon atoms iadnde these 
three chief compounds : — 

Furfurane. Pyrrol. 

CH = CH. CH = CH 



OH = CH 



\ 

I, 

/ 



0 



\ 



Thiophenfi. 

CH = CH 



/ 



NH 



OH = CH 



> 



CH = CH 



AH three are tar products, are volatile, colourless liquids, with 

antiseptic characters that have not been well studied. 

Furfurane, C^H^O, is a mobile liquid with an odour like ohiorofonn, 
and boils at 32° 0. It appeals to be present in pine-wood tar, 
together with methyl-furfiirane, or sylvan^ C^KJiGH^O, which boils 

at 63" C. 

Furfurol, r\ll ,(C0. H)0, is the corresponding aldehyde, and is 
formed by the action of acids on sugar, bran, tto. (Fur/nr, bran). 

Thiophene, C^II^S, is found in commercial benzene, and smells like 
it; it boils at 84° 0. It is probably an insecticide if not a spermicide. 
It is insoluble in water, but soluble in oil of vitriol, forming a 
sulphonic acid, C4H,S(S0,H). 
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VjttOl, C^'R^(SH), is ooloiirlen, but beoomet browa in air (like 
most of these bodies). It boils at 133* C, has a specific gravity of 
1*077 {Andermm}, a &int odour like chlordbmi, and a hot^ bvining 
taste. It is insoluble in alkaline solntioos, bat is slowly dissolved by 
acids. It is contained in coal tar, bnt is generally made from bone 
oil. Alcoholic solutions of pyrrol procipitate mercuric chloride. 

" lodol," tetra-iodo-pyrrol, C4l4(NH), is uiade by the action of iodine 
and potash on pyrrol. It is a pale yelloiTi inodorous and tasteless, 
crystalline pnwder, almost insoluble in water, soluble in 18 parts of 
alcohol, 155 of glycerine, 1] of ether, and in oils. It decomposes at 
140° C. with violet vapours of iodine. It gives a black precipitate 
with mercuric chloride (hence incompatible with it), and is decomposed 
by hytlrochloric acid, iodine l>eing lil)eratec]. It is reputed to have 
antiseptic properties, and is used for the .same purposes as iodoform, 
Imt has not the objectionable smell, and is not so poisonous, but 
Hiedlin says * that it has no action on cholera or any other bacteria. 

**Antipyrin," Ci^H^jNgO.— By substituting a nitrogen atom for one 
of the (CH)"' groups in pyrrol, the grouping known as p^razolt 
C3H3.N.NH, is obtained. A body of ketonie character called pjfror 
aoUme, 



is an oxy derivative of this compound. From it phenyi«methyl 
pyrazolone, 



and phenyl dimethyl-pyrazolone or "antipyrin "j abbreviated in the 
British Pharmacopctia to '^phenasone'* are obtained— 



CH :N 




C(CH,):N\^ 
CH,.CO 




Pyrrol. 

CH = CH 



Pyrazol. 
CH » N V 



Pyrazolone, 
CH » K . 



rhcnyl laethyKpyncolooe. 

C(CH3) = N ^ 






CH — CO 



* JrdUv./. Hfg*, toL tU., p. 8Q0. 
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L. Knorr's patent* beate pbenyl-hydraiine, NU2.NH(C«HJ, with 
ethyl ftGeto4M!etete, 0Hs(CO. CH,) .CO.O(C2H5)/wlieii water and 
alooliol are separated, and phenyl^methyl'pyraiolone formed ; methyl 
iodide oonverta this into antipyrin. 

Antipyrin, or " phennzone," eryataUises in colonrlesa soales, neutral, 
inodorous and slightly bitter, fairly solnblu in water, alcohol, and 
chloroform, less so (about 1 in 50) in ether. It dissolves in acids to 
eolourless solutions. Melting poifit, 113° C. It has been found 
mixed with acetanilidc (p. 185), whicli is much cheaper; but the 
detection is easy, as, although the melting point of the latter is also 
about 113°, a mixture of the two melts about 45" C. It is antipyretic 
and antiseptic, also an anotlyne for neuralgia and gout (see Antift^hr 'ni, 
p. 185). Externally, it has found favour as an antiseptic lotion, mid 
as gauze. It is incompatible with tannin, many acids, ferric salts, 
iodine, and a number of drugs. 

Nitro- and " isonitroso "-Sntipyrin, " salipyrin " (a salicylate ), 
*< iodantipyrin '* or "iodpyrin," '* resopyrin '* (a oompovnd with 
reaorcinol) have been pre^tared. 



FTBIDXliB GROUP, Ao. 

\f, in the benxene ring, nitrogi-u be substitttted for a CH group, 
pyridine, O^H^N, ia obtained. From naphthalene and anthracene, 
aimilar nitrogen derivativea are formed 



B cDse n c 
CH 



CH 



CH 



CH 



CH 



Pyridine. 

CH 

CH CH 

II I 
CH CH 

^ ./ 
N 



CH 

I 

CH 



Kaphibalene. 
CH CH 

C 

h 



Anthracene. 
CH CH 



CH 



CH 

I 

CH 



CH 



CH 



CH 
0^ 



Quinolmc. 
CH CH 

C 

II 

c 

CH N 



CH 
0^ 



CH 

I 

CH 



' \ " \ 

c c 

II II 

c c 

CH CH CH 



Acridine. 
CH CH CH 

CH C C 

L " " 

CH C C 

CH N CH 



OH 

I 

CH 



CH 
I 

CH 



Additive corapounds, of which piperi<line or hexahydro-pyridine, 
C^H|gNHy and nicotine or hexahydro-dipyridyl, (C^H^N),!!^, an 
esamplea, are alao known. The ladiclea, methyl, ethyl, dtc, can 

* Udbig^s Jaaalea, voL coszzviii., p. 1S7. 
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•Ibo replace the hydrogen atoms giving bamologues of pyridine, which 
exist witk it in coal-tar, and in larger quantity in bone-oil. Thej 
much resemble pyridine in propcrticR, but rise in boiling point and 
diminish in density as the num)>er of c;irl)on atoms increases, and are 
more readily oxidised and attacked. The mono-, di-, tri-, tt-tra-, and 
penta-niethyl derivatives have been obtained by tlie fractional distilla- 
tion of bone-oil, the fnictions so procured i»i ini,' mixtures of isomerides, 
which it is impossible to s<'j)arate by this method. Tliey were dis- 
covered by Anderson in 1840, and investigated also bj Grevilie 
Williams, Ladeuburg, and others. 



Tabu or thb Pmnnirs HoMOLOovn. 





ConRtitutiona] Emiiirical 
Fonuula. Fonuula. 


Boiling 
Point. 


(iravitf. 


pyridine, . . 
i'icolinea, . 
Lutidines, « . 

Parvdlines, . . 
CiindiDeiy . . 
Kubidine, • . 
Viridine, . 


••• CjTJjN 
C5ll4(CH3)N ('cH:N' 
C5H3(CH,),N 1 C:H,N 
C4H,{CH8),N CfiH„N 
C,H(CH,)4 ; (,,H„N 
C«(Cns)5N C.oHuN 
?C5(C3H4)(CH3)4N C„HkN 
?C.(C,U,)(CH,)4N C»,Hi,S 


lire. 

135" 

154-5" 

180* 

21 i" 

230' 
251' 


•MS 

•%l 
-946 

••• 



Conine, C^Hj^X, tho volatile alkaloid of liemlock (Conium maeula- 
tum), is normal-propyl-piperidine, C,^H[^,N(CH.), { Ludeulurg). 

Piperine, frnm ]'t'Pl)<'r, is peperyl-inperidine, C^Hj^^' - Cj^UgOj^ 
related to pyridine through piperidine {ibid). 

It will be noticed that aniline, CY,Hr,(NH.,), is metamerit- with the 
picolines, Cj,H^(CH3)N, of which all the three possible isomerides have 
been separated from bone-oil. 

All these substances are more or less narcotic poisons ; hence, wonld 
act as antiseptics, and, if in snfRcient quantity, would kill bacteria. 
It has been mentioned that Saprvl (p. 165) contains pyridine bases : 
from most coal-tar disinfectants they have been removed together with 
aniline by treatment with adds, bat some of the newer preparationa 
oontain appreciable quantitiea of these bases. The most important is — 

Pjrridine, C^H^^. — ^When pure it is a mobile colourless liquid, 
which does not turn brown in air and light, and is slowly and com- 
pletely volatile. Its odour is said to be " empyreumatic," but is most 
persistent and unpleasant. It absorbs water from the air, and mixes 
with it in all proportions ; it is also readily soluble in alcohol. It 
forms soluble crystalline salts with acids. Commercial ammonia of^cn 
contains pyridine, and commercial pyridine is sometimes contaminated 
with ammonia. 
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Tobacco-smokfl^ oontrmry to popular belief^ does not contain nicotine, 
which is decomposed by the heat, bnt pyridine And its homologuesr 
and the beneficial effect of tobacco in many casei of astlima, most bet 
attribated to these latter, whether as sedative or as bactericide (it 
must \yc remembered that very little of the smoke itself gets into the 
luugs). Pyridine inhalations have been proposed for asthma. "From 
1 to li drachms are poured on a phite and placed in a room with tho 
patients. At 08° to 77° F, the above (juantity evaporates in about an 
hour. It is said that after a few minutes' exposure to the pyridine 
atmosphere the remedy can be detected in the urine. The treat uuut 
was well spoken of by Dr. Kelemen, among others, but does not seem 
to have maintained its ground. Mixed with a little oil of peppermint 
it hat been employed in the treatment of diphtheria with aome 
suocets, and in aqneons lolntion (1 in 300) three or four injeetiona 
have been recently aaid by Bademacher to be sufficient to cure 
gonorrhcea."* 

It was stated by the Gigar UanufiMturert' Association of Hamburg- 
that in the last Tisitati(» of ^lem there were only eight cases and 
four deaths amongst a body of 5,000 oigar-makers. 

Dr. Barney, the senior Medical Officer of Greenwich Workhouse,, 
asserts that the tobacco-smoking inmates enjoyed comparative im- 
munity from epidemics, and tobacco-smoking is believed to have had 
a disinfectant action in cases of cholera and other infectious diseases. 
But Dr. Kerr points out that if a man cannot stand smoking it may 
depress his heart action and enfeeble his constitution, and so lessen 
the resisting power to throw f>fl' the noxious germs. Tyiidine fumi- 
gations are also open to the same objection. Tt is recortled that 
Tessinari found that tobacc(j-snioke, on being passed through tube.s- 
containing a nutrient gelatine and pathogenic gt-nns for irom ten tO' 
thirty minutes, destroyed the bacilli of Asiatic cholera and of pneu- 
monia. Pyridine was introduced by O. Fergusson as a horticultural 
insecticide about 1890, but its odour was against it, although it was 
most effective. Wynter Blyth exposed the yellow bacillus of nasai 
catarrh, on threads^ to the action of a 1 per cent solution of a mixture 
o£ pyridine^ collidine^ lutadine, and acridine from boneK>iL After the 
threads were washed and transferred to nutrient gelatine, there waa 
no growth. In sour milk also, pyridine inhibited growth. Tobacco^ 
smoke passed through water killed the yellow badllus. These experi- 
ments tend to confirm the idee that disinfectant preparations containing 
the basic constituents of coal tar are to be preferred to those only 
containing the phenols, also that pyridine being very soluble in water 
and non-irritant, might be of service in nasal affections. 

* Hslbiog, Mod, Mat. Mtd., 60. 
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Micotine, C,oH^(Hg)N2, is an oily liquid whicli rapidly turns brown 
in air. It boils at aUoui 2.>0' C, but is readily volatile with ateam. 
It has a welKknown stupefying odour, is alkaline, dissolves easily in 
water, alcohol, and ether, forms crystalline salts with acids, and is 
extremely poisonous. Its use as an insecticide in gardening is familiar. 
At Greenwich in 1893 the use of tobttoco seemed to be protective in 
an epidtMiiic of Kn<,'lish (.'huler.i. 

Nickels* covers the use of shale or boue-oil| or pyridine bases, with 
resin and soda, as a disinfectant. 

Overbeckf proposed thi? use of pyridine or leucoline (quinoline, see 
below) with chalk or lime. 

Indole, C«£[«<^Q^^CU, crystallises in plates, moderatelj soluble 

in water, easily in aloohol and ether, melting at 52* 0., feebly basic, 
having a peculiar fiscal odour, and giving a red colour or precipiute 
of nitroso-indole with sodium nitrite and dilute sulphuric acid. It 
readily voUUilises with i^team. As a product of putrefaction it has 
been presumed to be antiseptic, but its odour would preclude its 
practical use. It has derived a certain importance from the fact that 
it is constantly formed in . the growth of the bacillus of typhoid and 
the spirillum of cholera. Bujwid^ first proposed the "indole test,** 
as given above, to distinguish these pathogenic organisms from others 
that are innocuou.s. But unfortunately Jincillas coli cuutmiDnx, which 
i.s commonly found in the intestines and in water contaminated with 
iionnal ficces, also lornis indole, us might be exppcted from the latter 
being always present in small quantity in the intestines. 

Tyrosine, C«H4(0H).CHx(NHj).C00H, jS-oxyphenol-amidopropionic 
acid, is also a constant product of the putrefaction of albuminoid sub- 
stances, and has been said to be strongly antiseptie. It crystallises 
in minute, needles, which are inodorous, idmost tasteless, and neaily 
neutral* It seems to be worthy of experiment. 

QinNOLDIB DBBITATIVB& 

Qoinoline,' chinoline, or "leucoline,** C^H^N, is a colourless, highly 
refracting, oily liquid of a disagreeably pungent and aromatic odour, 
and a bitter aorid taste. In light and air. it rapidly turns brown. It 
melU below 'i* C, bolki at 237* C, and has a specific gravity of 1'061. 

It dissolves sparingly in water, easily in alcohol, Ac, to an alkaline 
solution, and with acids forms soluble crystalline salts. The salicylate 
and tartrate have been used in medicine, both internally and ex- 
iernally. Qainoline occurs in coal-tar, with two homolognas, 

* Fstont No. 3,053, 18S3. t Patent No. S,l W, 1883. 

X Z$U,/, Byg,, 1887. voL xi, p. 62. 
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lepidine, Cj^^H^N, B.P. 265*, and cryptidine CiiH^N, RP. 274* a 
Qainoline ig ineompattble with oxidants, with iodine solutions, and 
with metalUe salts ; it is antiseptic, and is the sabjeot of the following 
patent*: — '*It has been proved that qninoline and toluquinoline 
possess great antibaoterial properties, bot the oomplete insolubility 
of these snbstanoes in nan-add flnids presented a serions obstacle to 
their use. This invention oonsists of using as a solvent soap in the 
nascent state,*' as in eredUa, dte., **50 kilos, of castor oil, 60 of quinoline, 
by the clearing of the liquid, which is then diluted with 85 kilos, of 
water." Qainoline does not saponify, so that the solution would 
contain 20 per cent, of quinoline dissolved in aqueous soap^ and would 
become turbid with water like creolin. 

"Diaphtherin " was introduced byTrof Emmerich and Kronacher, 
of Munichjt who, after extended trials, pronounced it to be " equal, if 
not superior, to previously known antiseptics." It is said to be di-oxy- 
quinoline phenolsulphonate, 2a,H,(On)N,0^H^(OH).HSO3. (OrtJu)- 
phmol-sul phonic acid, or "aseptol," p. 158.) It is a yellow powder, 
readily soluble in water, decomposed by alkalies and oven by blood, 
with elimination of sparingly soluble oxyquinoline in a fine state of 
division \ hence, when applied to wounds, it does not lose its antiseptic 
power as some phenolic substances do (it does not coagulate albumen). 
Emmerich administered 0*25 gramme subcutaneously to guinea pigs, 
without prejudicial results. ** A 1 per cent, solution is sufficient fpr 
antiseptic dressings." 

a-Qiy-qiililoIiiie or carbos^rrile, 0,H((OH)K, occurs in white 
needles, melting at 198*, and is strongly antiseptic It is the source 
of :— 

"Loretln," iodo^>zy-quinoline sulphonic acid, C9H5l(OH)N.HSO„ 
lately introduced as another substitute for iodoform, and reported on 
by prof. Schinzinger, of Knrembeig. fie showed that its action on 
granulating and healing processes is a very favourable one, and is 
superior to that of iodoform, while it is free from objectionable otlour, 
not toxic, and non-irritant, and rapidly removes any eczeuiutous 
tendency. It is also a good deodorant of purulent secretions and 
decomposing tissues. " It is very beneficially employed to combat 
external and parasitic diseases, and as an antiseptic may be blown 
into cavities for internal affections." 

Quinoline when reduced forms a tetrahydride, CgUj^N, which is 
mora strongly antiseptic than qainoline. 

"Thailiiie'' is para-methoxy quinoline tetrahydride, O^y^J^OQB.^'Si. 
Aoeonding to tiie specifications {Skranpt 1885) it is made like quinoline, 

* No. 18,913, 1891 ; Lembach, Schieicher, and Wo^ff. 
t Jfsadb. ifedl IfeeftaiieAr., 18M. 

13 
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by heftting metlioxy-aailuM (panranudo-amiol) with glyoerine, enl- 
plmrio MicI, and panmitriMuiiaoI, and then ndndng to the tetnhydio- 
oomponnd. It ib an oUy liquid, easily frosen, and then only re-melti 
at 180*, with a strong odonr like Toi^ beans, and sdnble in aoids to 
ibrm crystalline salts. Ferric chloride produces an intense green 
colour, hence the name (9aX>Js, a green twig). 

The 8ul]^ate and tartrate are found in commerce as yellowish-white 
crystalline powders, soluble in about 7 and 10 parts of water, sparingly 
in alcohol. They are acid, fragrant, and bitter, and darken in light. 

In a paper by H. Schiiltz "On the Influence of Thalline Salts on 
Putrefaction and Fermentation,"* lie stutes that "0-5 per cent, of 
thalline sulphate in stcrilist il gehitine prevented the further putre- 
faction of meat. Yeast fermentation was considerably retarded by 

1 per cent, of thalline tartrate ; with a less quantity, liowever, tho 
activity was increased," probably by supplying nitrogenous food to the 
fungus. It must be ol»er\'ed that the agent would not answer for a 
food-preservatiTe, on account of its taste, odour, and physiological 
action. Thalline was at first extolled as a substitute for quinine, 

2 to 8 grains of sulphate or tartrate being given in aqueous solution, 
but the salts are poisonous to the red blood corpuscles and act on the 
nerre centres (Brouairdd), As antiseptics th^ are still occasionally 
used for injeotkms (4 to 8 grains to the ounce) in gonorrhoea. 

QnloiiiA, C^H^fl^ZRfi, appears to be a derivative of a partially 
hydrogenised di-quindine^ and to have the formula 

C^e(0CH3)N - 0,H„(0H)N.CH3, 

although it has not yet been sy nth esised.t Its action against fevers 
is probably as much due to its antiseptic power as to its effect on the 
nervous system. The natives of Peru were in the habit of purifying 
the water of fetid pools by throwing in logs of cinchona ( If innhofdt), 
but the tannin would also take part in this treatment. Koch observes: 
*'The (li)S(! of quiuiiie necessary to destroy the spirilla of relapsing 
fever would be 12 to 16 grammes, which would kill the host as well 
as the parasite." A much loss dose is suilicient to restrain the 
spirillum. 

AuUfleptol, iodo-sulphate of cinchonine» oontaini 50 per cent, of 
iodine, and is said by Yvon ^ to be a powerful antiseptic for surgical 
use. It must not be confounded with other antiseptics having a 
similar name. 

♦ Cenlr. Med. WisaaiscX^ 1886, p. 113. 
t Liebig'a ilwialiii, voU coir., pi 90L 
t Amtr, Jwm» <ff PAerm., Oot, UfiCk 
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CHAPTER X. 
OBGASnO OOMPOinrDS (pontinutd). 

ACIDS DEBITED 7R0M BSMZSMl!. 

Benzoic Acid : Its Uae as an Antiseptic— Bcuzo-boracic Acid, &.c. — Benzoic 
Aldehyd, or Oil of Bitter Almonds — Sulpho-benzoic Acid — Benzosol — Benxo- 
punMsraol and B«itio-ii«phtiu)]. flalioylio Aold: Its Three iMineiidfle— 

Salicylates — Oil of Wintergreen — Salol—Salophen — Phenosalyl— Antiseptic 
Value of Salicylic Acid— Patents — ** Lactacidine " — The Use of Salicylic Acid 
for Preserving Food — Objections — Tablets, Gauze, &c. — Anisic Acid— 
Cinnamic Acid, Styracol — /S-Phenyl Propionic Acid — Phenyl Acetic Acid" 
Gallio Add— Tumin— IMplimiyl DerivaUree— Styrooo— Sodimn Dfthioeali* 
Cjlefce: Thymol, Camphors, and Essential Oils: The Terpcncs, tlicir 
Pkopertics and Products of Oxidation — TurjHjntines — Camphora- /"Aymo/ 
Aristol — Europhene — Menthol -Oi/ o/" Cloves, Caraway. Hops, &c. — Tcrtbene, 
Oil of Eucalyptus — CampJior, Personal Use — Patents— i.'uc<2/y^>^o^ — Eucalypto- 
reeotdn— Myrtd— Terpin Hydrate— Terpinol—Absynthol—GnryophyUigi — 
Eugenol — ^Bomeol — Various Patents — Camphoid— Combining Disinfectants 
with Soda Crystals— Bases of Powders— Tlie Oxidi.-<ing Power of Essential 
Oils— Ozone Tent—Snnitas, Sanitas Oil — Value of Sanitas as a Disinfectant- 
Camphoric Acid — "PinoL" 

BENZOIC AOID QBODP. 

Bensoie Add, C^H^.CO.OH, «zuta in gnm benxom, balsams of 
Fera and ToIq, and aeveral aromatie gums that have been need for 
agei for enbalming. It is made by acting on boiling toluene, 
GfH^fCH,)^ with dilorine^ and oxidiong the bensjl chloride, 
CeHft. 0H,01, with nitric add. It melts at 121* C, bdk at 250" C, 
bat sublimes slowly with a pungent, aromatio odour, even at ordinary 
temperatures. It is sparingly soluble in oold water, yielding an acid 
solution of pungent, disagreeable taste. It acts as a stimulant^ 
ei^ectorantk diuretic, and is strongly antiseptic both as solid, solution^ 
.and vapour, and even in its salts. 

Salkowski,* in a number of experiments with meat juice inoculated 
with putrid lluid, showed that benzoic aciil. in a doso smaller tlian 
salicylic, prevented for a long time the putrefaction of the mixture 
and the development of bacteria. Bucholtz f found that 1 in 1,000 
stopped the growth of micro-organisms. Haberkorn did not succeed 

• * Uehtr die antiaept. Wirkung d, Saiiqflt&ure und JSeiiaoeidurt, £«rlim £Un, 
WochenMchr. , 1875, p. 22. 

• t Archiv. /. exp. PathU., 1875, voL If. 
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with the Imcteria of urine with less than 1 in 400, Jalan de la 
OroiXy* in seventy-four experiments with varying quantities, showed 
that the leut quantity that would prevttit baetcnrud growth from 
being inooolated into » fresh liquid (beef tea) was 1 in 2,800. To kill 
haeteria he repaired 1 in 410, and to aterilise sporee 1 in 50. Ai 
t^padB non-oiganiaed ferments ("enzymes"), Wernitsf dedares that 
psfsin is neutralised by 1 in 200, and others by 1 in 300, of benzoic 
aoid or bensoate of soda. 

Graham Brown { stated that sodium bensoate was superior to 
quinine hydrochloride and sodium salicylate in destroying the Tirus 
of diphtheria ; he believed ex en that by saturating the human system 
with benzoic acid by repeated hypodermic injections, it was rendered 
almost insusceptible of inoculation with diphtheria. 

In disorders of the bladder, attended by ammoniacal urine, Gosselin 
and Robin § proved that benzoic acid taken internally rendered the 
urine acid, preventing tlie precipitation of insoluble phosphates, and 
the formation of carbonate of ammonium and poisonous salts by the 
urinary bacteria, and also diminished the amount of urea excreted. 
Therefore, Frerichs introduced it successfully for urjemia. They use 
1 to 1 grammes per day dissolved in glycerine and water. 

Tallin states || that '*in most cases, to destroy definitely and 
without return germs transplanted from a sterilised liquid into the 
midst of an appropriate culture fluid, the proportion of benzoic acid 
should be 1 in 77, or even 1 in 60." This would make it rather more 
potent than phenol, oresol, or other similar compounds. It is not 
poisonous; Pro£ Senator, of Berlin, gave as much as 60 gnus, of 
eodium bensoate a day to a patient with acute rheumatism, without ill 
efibct As much as 1 oz. of ammonium bensoate per day can be taken 
without any noticeable effect^ and is excreted as hippuric add in 
the urine. 

In those cases in which the odour and taste is immaterial, a 
saturated solution of benzoic acid in water delays the putrefaction of 
animal matters much more effectively than salicylic. It has less 
effect on vegetable effusions. It is also useful for preventing fats 
from becoming rancid. Added to milk, a very small quantity 
prevents coagulation. IT 

Benzoic acid and Ijenzoates are ingre<lients in many antiseptic 
mixtures, as, for example, the following complex receipt: — "Anti- 
septic pastilles for use in diphtheria are made by incorporating IxNrie 

* Arehiv. /. ezp. Pathol,, 1881, voL xiii., p. 175. 

+ Dorpat Essay, 18S0. * Kleb's Arch'tv., vol. viii., p. 140. 

§ Arch, gen^ralea de Mid., 1874, vol xxiv., p. 566. || JMtin/€cUmU, p. 
IT Horn, ZeUtchr,/. Chtm, Mutr,, ToL ii., p. 329, 1888. 
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acid and borax, each 20 grms.; citric add, 12*5 grms.; sodium benzoate, 
1 grm., with glycerine and water as aolyenta, and ^'uui, sugar, and 
gelatine as bases, and dividing into 600 pastilles.'' * Dr. Miller states 
that by using the following mixture he could completely sterilise the 
mouth and cavities in carious teeth: — ^"Thymol 4 grains; bensoie 
add, 45 grains ; tincture of eucalyptus, 3( dradims ; water, 25 ozs." t 

By heating bensoie with boradc^ tartaric, or dtrio add, donUe com- 
pound acids called benso>boradc^ Ac, are formed, which are, of course, 
antiseptic, and are mentioned in some of the older patents. 

Although the benzoic add is thus rendered much more soluble, and 
its taste is in great part disguised, it frequently crystallises out, and 
hence these compounds are now seldom heard of. This separation also 
makes them irritant to wounds and mucous surfaces. 

Listerine contains 2 grains of benzo-boracic acid in each fluid drachm, 
together with the essential oils of thyme, eucalyptus, Baptiaia^ Gaul' 
theria, and Mentha (irv^ imji. 

Benzoic aldehyde, or benzaldehyd, C^Hi.CO.H, occurs witli hydro- 
cyanic acid in oil of hitter ahnonds. Angus Smith ^ considered it a 
httle below phenol in antiseptic power. It readily oxidises to benzoic 
add, is sparingly soluble (1 in 30), and is of no hygienic use except in 
ointments, when the crude oil is very effective against eczema, inita> 
tion, and parasites, partly on account of the prussie acid it contains. 
Obviously the skin must not be broken. 

Snlphoboiizcic adds, C«H4(HS0,XC0.0H), of which there are three 
isomers, made by the action of oil of vitriol on benzoic acid, are very 
soluble, and have an acid and bitter taste. They and their salts are 
antiB^tio.§ The derivative ** Saccharin," benzoyl -sulphonicimide, is 
also sometimes used as a preservative. It has the constitution, 

The mixture of sodium salts are met with as an antiseptic under the 
name of sodinm ialphobauoate.§ 

BensaoUido is a weak antiseptic used as an antifebrile. 

MB«DZOSOV' or benzoyl-guaiaool, (C0H5)CO.O(C,H4.C>CH3), is obtained 
from benzoyl chloride and sodium gnaiacol. It is a crystalline powder, 
colourless, almost free from taste and smell, insoluble in water, easily 
soluble in alcohol, and melts at 50* C. It is said to combine the 
effects of guaiacol (p. 175) and benzoic acid without any disadvantages, 
and to be very useful in tuberculosis, fiftcilitating expectoration and 

* Ytar-Book of Pharmacy, 1889. t Chem. amd Drug,, 1887, p. 83. 

t JXabtftckmttt Edfaibrngh. 1M9. i Joum. Soc Clem. Ind^ 1888, p. 228. 
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mndering the sputam tmb from bacilli Prof. Sabli, however, remarks 
that tiie oommercial article ia of varying composition, that he found 
some specimens inerti and that *<ai the eifeot goaiaool and creosote 
were doe to local antiseptic action in the stomadh, bensosol could not 
take their place." It is used largely in diabetes mellitas. 

Bonso-panmsol, C^(CJIg^O0X0^.OK, is an antiseptic prepared 
bj the action of sodium bensoate on paracresol (p. 164)^ in presence of 
ozychloride of phosphorus. It occurs as a crystalline powder almost 
insoluble in water, but soluble in alcohol (0*ld per cent.}. It melts 
at 7r C* 

Benzo-naphthol, CioH-O.CO(C„H.), from /3-napthol, melts at 110* C, 
and has also been proposed for internal antisepsis. 

SALIOTUO AOm. 

There are three isomeric oxybeuzoic acids, of wliich only the ortho- 
compound, called .salicylic acid, C,;H^(0 II).COOII, is of practical 
importance. It is met with in minute white needles or prisms, of 
pungent odour and sweet taste (inodorous when pure, Charteria), 
soluble in 500 parts of cold, and 15 of boiling water, in 7 of alcohol, 
3 of ether, and 50 of glycerine. When heated quiddj it breaks up 
into phenol, which distilsj, and carbonic add. The same decom- 
position occurs in the human system, as phenol appears in the urine. 
It is antiseptic and antipyretic. 

J. B. Duggan found that it was twice as powerfiil an antiaqitio as 
the corresponding para-oxy-benzoic acid, whilst the metfr«cid had 
intermediate properties.! 

"ArtiOcial" saUcylic acid (from sodium phenate and carbonic acid) 
is somewhat more toxic in its action than the pure " natural " acid 
obtained from oil of wintergreen. This is due to two foreign acids, 
isolated by Williams in 1878, and found by Duiistan and BlochJ to be 
ortho- and meta-cresotic acids, C,;I1 i ClI..)i 011).C00H, derived from 
the cresols contained in the crude phenol from which the salicylic 
acid had been prepared. Schcring and others now prepare a pure 
artificial acid from pure phenol, which is free from these impurities, 
and acts in the same way as the natural acid. It melts at loG'"" C. 
It gives a purple colour with ferric salts, therefore cannot be pre- 
scribed with them. It is not oorrosive, and does not coagulate 
albumen. 

The salicylates are much more soluble. Salts of nearly every metal 
have been prepared and recommended for various uses; but sodium 
salicylate^ O0Hf(OH).OOONa, is the most usual one. 

* JBMntedeCilUiii. /adiMtr., April 15, 1888. t .^Si. dcm. Jbivii., voL vii., p. (B. 

t /ram. CSWsi. 8oe.t April, 18M. 
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Oil of Wintargreen, GamUktria proeumbent, is metliyl nlkjkte^ 
O0H4(OH)COO(CH,). It if a oolonrleBi, fingnat liquid, sparingly 
soluble in water, bat essily in aloohol, sad slso in slkalies. Spedfio 
grsTity, 1*18 ; boiling pointy 222* 0. 

Perier, of the hospital of St. Antoine^ Pbris, subsHtiited Uns oil 
for phenol in snigery, using a mixture which was perlbetly miscible 
with water: — Oil of Wintergreen 30 gramme^ tinotore of quillaia 
€ grammes, water 1 litre. Qosaelin and Bergeron* found that the oil, 
both as a solution and as vapour, hindered the putre£M}tion of blood, 
and that it was neither irritant, nor of disagreeable odour. It is still 
used in France for dressings, but is inferior to phenol and other agents 
in power. It does not coagulate albumen, and is not poisonous. 

"Salol," Phenyl salicylate, 0,,H^ (OH). COO (C^IIs). made from 
sodium phenol and sodium siilicylate by heating with phosphorus 
oxycliloride. It is a wliito crystalline powder, melting at 42 ' C, 
with a faint aromatic odour, practically tasteless, neutral, insoluble 
in cold water, soluble in 15 parts of rectified spirit, in 3 of ether, 
and very aolnUe in eUovolbnn and in oils. Antipyretic and anti- 
septic, it passes through the stomach unchanged, to be decomposed 
in the dnodennm into phenol and sslicylic acid.t It is used in 
diarrhoea, dysentery, eholerai Ae., as an internal antiseptic^ also as 
an injection in gononhcBa and t^stitis. It has been employed 
eoctemally as a snbstitnte for iodoform in ddn and nasal diseases. 
LOwenthal t has shown that salol will kill cholera bacilli in a paste 
eontaining pancreatic juice. Spiritaons solutions (5 per cent.) are 
employed with various flavouring sgents for mouth-washes and 
dentifrices, toilet*powders, and soaps. When melted with camphor, 
ealol, like many other substances, forms a pmmaaent liquid which 
has also been used to replace iodoform.^ 

"SalopheD," C,H^(OH)(C00.C,;n^.NH.C0.CH3), an imido-com- 
pound formed by heating salicylic acid with phosphorus oxychloride 
and para-nitrophenol, reducing and acetylating, resombh's the ])receding 
in properties, but is said to have rather stronger antiseptic power. 
M. P. 188*0. It has not been much used, and is expensive. 

Cresyl Salicylates. — The three cresola form corresponding salicylat«j, 
and have been proposed as internal antiseptics. 

Bttol, salinaphthol, or naphthosslol, is a /S-naphthol salicylate, and 
has already been described under Mqpthol (p. 179). 

SaUmmiaiiUide is ssid to be a mixture of bromaeetaailide and aali- 
eylanilide. 

Sallpyiia is a oompouad of antipyrin aad salh^lie acid. 

• Arch, gMrA d€ M4d., 1881. p. 18. t BnL Med, Jmam., 1887, voL xi, p. 1418. 
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Iheiioialyl la a aiziiire of pibenol, lalieyUc^ benaoic, and laetie addv, 
made hj heating them t<^gether at 140* C., adding menthol and eoca- 
lyptdy and, aftn', oo(diiig, adding four times the volvme of gljoerine. 
It is a dear, syrupy liquid, of sweetish taste. It is easily miacible 
with water or alcohol, is not poisonous, and has a pleasant and non- 
peraistcnt odour, which does not ding about the hands and dothea. 
The solutions have no corrosive action on the skin, the mucous sur* 
faces romain smooth and slippery, and do not become dried up, as is 
the case after washini,' with carbolic acid or "corrosive sublimate.** 
Of course, this latter advant{ip;e belongs to the glycerine, and would 
equally pertain to plienol or iiicrcuric chloride in the same medium. 

Prof. Friinkcl,* in a series ol bacteriolugical trials, found that pheno- 
salyl possessed an antiseptic power superior to })henol in dealing with 
the micro-organisms of cholera, anthrax, pneumonia, typhus, diph- 
theria, tuberculosis, Bacillua pyocyanew, and Staphylococcus pyogena 
oifiVM. *' It ia well known that the )aat>meiitioned bacterium is one 
of the moat resistant, but eyen a 1 per cent, solution of phenosalyl is 
sttffioient to kill it, while to produce the same effect with carbolic add 
one must use a 2| per cent, atrength, and the ezpoaure or contaet 
must be continued lor a longer period" Phenosalyl has been used by 
Dnloroy in the sterilisation of instruments, of gauxe, and of different 
organic subatanoea like blood, aa well aa decomposing urine and the 
aali\ a of consumptives with most encouraging results. It doea not 
corrode nor discolour metala under ordinary circumstances of contact. 

This is an example of a mixture which seems to present great 
advantages, (^f late years there has been a tendency to use compli> 
cated compounds, most of them only soluble in alcohol, which, npart 
from expense and other faults, is inuthnissible as a medium for many 
purposes. It should be noticed that while in mixtures tlie properties 
of the ingredients are mostly retained, in many of these compounds 
not only are the proi)erties lost, but frequently new and objectionable 
ones are developed. For example, the desire to avoid the unpleasant 
odour of iodoform has led to the introduction of many "substitutes" 
which are costly, unstable^ unoertain, and even dangeroua in thdr 
aotion. 

However, phenosalyl may be reckoned as a oonvenient preparation 
of the above aromatic adda dissolved in laetio aoid and glycerine, and 
aeented with menthol and eucalyptua The name is rather an unfor- 
tunate one, as leading to a wrong idea of its compodtion. 

Sali^Uo acid is by no means an innocent remedy. Ini!iet iieaii 
be a powerful poiscm, aa it has a disintegrating action on the blood 
oorpuadea. The aalta cause albuminuria, henoe^ must be irritating 
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la tli« kidneys, probably through phenol being formecl.* The actd, 
in itrong (alcoholic) solntions^ or in ointments, is so caostic that it 
IB the basis of most of the popular cures for corns.! As to dilute 
sdutions, Dr. Bond, of Westminster Hospital, states that "when -in 
the conntiy he has beoi in the habit of taking 10 grains daily for a 
month without bad eflbot," obviously as an anti-roalaziaL The official 
dose of the add is 5 to 30 grains. Dr. Broaardei has noticed daily 
doses of 2 grammes to produce grave symptoms of intoxication and 
poisoning. Kolbe| first drew attention to the antiseptic properties 
of salicylic acid. He showed that it prevented the action of enzymes 
(unorganised ferments), like diastase, emulsin, and th:it of mustard, 
also gastric digestion, fermentation by yeast, ammoniacal fermentation 
of urine, and the germination of heeds. H. A. Weber§and Leffmau 
and Beam II j)rov( (l tliat a solution of 1 in 420 of salicylic acid, com- 
pletely checked salivary and pancrcjitic digestion of starch, and that 
even 1 in 840 had a marked depressing influence. 

As to the strength required for killing Ixicteria, it has been 
variously given by different observers. RalimofiH uses 1 in 400, 
practically a saturated solution in water and a little spirit; Jalan 
de la Croix,** 1 in 200 for milk, and more than 1 in 35 for germs 
in meat juice ; Bucholts,tt 1 in 362 ; and Kilhn, 1 in 200 for germs in 
albumen solution, iks to salicylate of soda, the necessary dose ia 
stated as 1 in 100 by Miquel, and 1 in 161 by Bucboltz. 

Vallin \l points out that **tbis action on ferments and microbes is 
often only temporary ; the ferments and bacteria rapidly become used 
to their new surroundings, and the generations that succeed resist 
doses that had been fatal to their ancestors, ttnd the work of fermenta- 
tion goes on again at the end of a few dajrs. 2>«eubaur and Bechamp 
have specially proved this curious phenomenon of the habituation of 
ferments to progressive doses of phenol and salicylic acid. It follows 
that, to obtain a durable antiseptic eliect, we must at frequent inter- 
vals add new and increasin!^ doses of the agent. For this reason, in 
alcoholic beverages, which can only be pr* served by the aid of salicylic 
acid, the dose of this substance sometiine.H reaches as much as 1'5 
grammes per litre. Even then experience has shown that poor wines 
and ciders soon undergo fresh fermentation of acid or j)utrid character. 

* See a paper by Dr. Squire oa the " Thyuology and Therapeutics of SalicyUc 
Add,** LarneU, Dse. 90, 1879. 

t Whelpley, CA«m. arid Drui/.^ Aug. 16| 1880. 

XJ.Jiir Prart. Chem., 1S74, vol. x., p. 89. 
§ Journ. of Amer. Ch<m. Soc., 1892, p. 4. 
\liJoum. Soc Chem. Ind.^ 188S. p. 

V Bkd, Centralblatt, vol xW^ p. 360. ** Arch, txp, Pathol,, 1881. 

It Ibid., I87& U Ditn^tttmOt, ^ 188; 
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Salicylic acid, then, is a convenient antiseptic, but it givea no abiolato 
goaxautee, and ita power is limited." 

The very sparing solnbilitj of salii^lio aoid in water has led to a 
variety of denoes for increasing it Alcohol is in many cases unsuit- 
able ; glycerine only dissolves 2 per cent.; alkalies form salicylate^ 
whidi, although soluble, have only about one-third the antiseptic 
power of the free acid. Borax solution dissolves a large quantity of 
salicylic acid, forming a loosely-combined crystalline compound, in- 
odorons, neutral, and of little taste, called borosal icy late of soda. It 
is much more soluble, and is more antiseptic than either of its com- 
ponents (see under Boric Acid, p. 102). 

Ott'en and Moore,* " to prevent the second fermentation of yeast or 
other ferment when combined with wheat or other cereal for food," 
«so 10 parts of salicylic acid, 3 of boric, and i of borax, dissolved and 
mixed with the grain either whole or ground ; "yeast is then added, 
4iud the dough baked as usual." 

Lactacidine solution contains 2*65 per cent, lactic acid, and 0*35 per 
<ent. salicylic add, "to which other materials, snch as sugar or 
glycerine, may be added." It is used for preserving articles of food— 
butter. It may be removed by washing before use.t 

Salicylic add is largely used for preventing loss of material, and 
•consequent annoyance with fruit; 4 to 8 grains of the add to the 
pint or lb. prevent fermentation in sacdiarine liquids; and jams, 
preserves, dec, can be kept for years. " As a preservative it is best 
Applied in process of preparation. It is advisable to gradually intio> 
duce it in the solid state into the boiling mass" (but it somewhat 
readily volatilises with the vapour of water), "constantly stirring, 
or the acid may be rui)bed down with the iruit juice, and then added. 
In any case tlie finished product ought not to show any white flocks.** 
Another mode is to pour over the cold uncooked Iruit the cold 
salicylated juice of the same fruit, so that the fruit is entirely 
covered. A cold juice may be made by pressing the fruit, atlding 
to every pound 15 grains of iln) acid, heating the juice, and allowing 
to cooL In tlii.s way, cherries, plums, ike, can bo preserved all the 
winter uncooked, and are then suitable for pies. The last of the 
above processes seems better than the others, since almost all the 
aalieylio add can be removed by washing the iruit before cooking. 

Sidicylic add is very largely used for perishable artides of food. 
Many preparations, more particularly of salicylic and boric adds, are 
•old as **lard bleachers,* and "firuit, wine, end dder preservatKvea." 
Most authorities agree that it is a most objectionable preservative, 
especially in milk whidi is destined for young diildren. Bowdered 
•FslflBt Kcb 1^688, 1887. f Oro^ FMeot Ko. 2,836^ 1887. 
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salicylic acid, that has been used for l)aras, fish, ttc, is mostly washed 
off, but when mixed with, or allowed to penetrate the food, chronic 
dyspepsia and other symptoms would certainly be caused by the rela- 
tively large quantities that wonld aceamulate in the system. There 
■eems eridenoe to show that» like lead and aneoie^ it has a eamnlatiTe 
action. Yallin/ in an exhaustive diaeoaaion of this point, shows that 
if a man oonsnmes an average quantity of aalieylated foods and drinks 
as met with in France (he gives tables of the amount cnstomarilj 
added to a number of foods) he would absorb per day 8 grammes of 
salicylic acid. He observes that it is nefiurionsly used to secure the 
disposal of inferior articles that would not otherwise be saleable. In 
1880 the French Oommittee of Public Hygiene, after the matter had 
been fully reported upon by M. Dabriaay, passed, on Feb. 7, 1881, the 
following edict which is still in force : — 

" Est interdite la verUe de toute tuhstance altnuntaire, liquide mi 
totide, cantenemt um fuanUU qudoonjue d^addi aaUcyliqui ou cTtm dt 
U8 derives." 

At the present day, food arriving at the city barriers, if it should 
be adulterated, and especially with salicylic acid, is seized, and its 
owner punished. 

K. Portele sayst that salicylic acid cannot be considered a success 
as a preservative either for butter or milk, as it gives to them an 
unpleasant sweetish odour, which increases until decomposition takes 
place. 

H. A. Weber ^ and Dr. H. Yogel § strongly condemn the practice 
of adding preservatives to food, proving that it interfores with 
digestion. Nessler observes that "salicylic add is not a natural 
constitnent of any food, and its addition is a firaud on the quality.* 
He, with Vogel, Pasteur, and others, demanded that the addition 
of any quantity of this acid to wine should be mentioned on the bottle. 
The German Government seem to be yet undecided. 

In England, although a few trifling increases of fine have followed 
the finding of salicylic acid by public analysts in milk where there was 
added water also, it seems to be recognised as a customary addition to 
syrups and to " British wines." In a test case at the Great Marlow 
Petty Sessions, a grocer was prosecuted for selling raspberry wine 
adulterated with salicvlic acid. For the defence two analysts swore 

ml 

that salicylic acid was absolutely necessary to preserve the wine," 
and that it was "quite innocuous." In the result the case was dia- 

* JMitf«UarU/t, pp. 189 to 193. 
f Landw. Versucha. Stat., vol. xxvii., p. 143, 
tJoum. Amer. Chem. Soc.^ vol. xiv., pp. 4-14. 
i DnUkki Vkrt./. off. Oes., 1880, p. 408. 
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mined. If wines be osrefoUy nubde, they can be sterilised witlioiii 
any drug, and will keep for a reasonable time after opening, 

Among special salicylic acid preparations the following may be 
noticed 

Bolntion for Loeal Antiaepiis.*— Water, 1,000; boric add, 12; ssli- 

cylic acid, 2. 

In Patent No. 15,664, 1887, Boake and others show that "sodimn 
sulphite dissolves one-sixth of its weight of salicylic acid they pro- 
pose to make such solutions with any^aikaline sulphites or bisulphites 

for antiseptic purposes. 

"Stroch's Antiseptic Paper."— See p. 142. 

Antiseptic Tablets.— " (1) For Thierscli's solution, much used in 
many modern operations, Adolph Levy, of Biooklyu, N.Y., recommends 
14 grains of * resublimed " salicylic acid and 84 grains of ])ure Ijoric 
acid, to be compressed into a tablet, wliich is dissolved when reijuired 
in 10 ounces of hot distilled water.f (L'j Warner ik Co. make pastilles 
of sodium bicarbonate, biborate, benzoate, and salicylate, with menthol, 
eucalyptol, and oil of wintergreen. One of the pastilles gives 3 ounces 
of a solution to be applied as spray in nssal catarrh." Strongly 
deodorsnt as well as antiseptic." $ (3) Backer, 79 Fenchurch Street^ 
make tablets of similar composition, '*to be each dissolved in two 
quarts of water." § 

SaliiQrltttod Ganze. — ^Gauae washed with soda to remove giesse, then 
in succession with water and acidulated water, then bleached by 
chloride of lime and weak acid, and finally well washed with water 
and dried. Next soaked in a solution of salicylic acid, 5 6 parts; 
glycerine, 15; rectified spirit, 50; distilled water up to 100 parts; 
drained, nearly dried by a current of ^tt rilisetl warm air, rolled or 
folded by machines previously made aseptic. The finished gauze is 
packed in cylinders freshly lined with melted paraffin bterilised by 
heat. The gauze is tlius kept permanently slightly moi8t>.|| Contact 
with iron must be avoided, or jturplc stains result. 

Anisic Acid or para-oxymetliyl-benzoic, C,iH4(0CH.,)C00H, occurs 
in colourless prisms, melting at 175* and distilling at 280 C. The 
sodium salt was recmnmended by Curcl in 1887 as antiseptic and 
antipyretu^ in doses of 15 grains. It was said to be analogous in 
action to sodium salicylate, but without disturbing influence on 
digestion* 

Cinnamio Add, CeH5.GH : CH.00OH, also met with in prisms, is 

• Carcano and Cesarcs, Reritf de CJiim. Jnduat,, April Ifi^ 1883. 
t Chem, and Drug., vol. xxxviii., 1891. 

X LatuU, ToL xL, 1890. § Zoneet, vol. xi., 1889, p. 174. 

I Ssvmrd Willium, CKcm. aati Ihniff,, Uay 87, IMS. 
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more soluble ; melto at 133*, boils at 290* 0. It is lomewliat stronglj- 
aatiseptio. 

Btgrrtcol or dnnMnyl-gaaiMol, O^Ht^CH : GH.000(0fH4.0CH,), 
oocon in needle cryitalB ; is said to be a strong antiseptie in catarrh 

of the bladder and intestines, and in phthisis ; solable in aloohoL* 

^-PheDyl-propionic Acid or hydrocinnamicacid,C,HyCH2.CH2.COOH, 
is formed in the decay of albuminous matter, and, like other similar 
products, is a bactericide. It forms fine needles, moderately soluble, 
melting at 47° and boiling at 280' C. Klein regards this and phenyl- 
acetic acid, C,.Tr..CH.„COOH (sparintjly soluble pearly plates, melting 
at 76°, boiling at 2G2', strong odour of burniiii; urine), as among the 
strongest of disinfectants. Laws has studied the next acid in this 
series (see p. 150). 

Gallic Acid, trioxybenzoic, C,5lI_,(0H)_j,C00H, is astringent and 
feebly antiseptic. It occurs in sparingly soluble inodorous needles. 

Tannin, gallotannio acid, Cj^UjoO0,2H2O, is an amorphous powder, 
Qsoally brownish, very soluble and strongly astringent. It is well 
known to precipitate gelatin, and to fim a compound with skins whidi 
is imputresdble (leather). It also eoagnlates albumen. Therefore it 
is, in some sense, antiseptic, but Gosselin and B«rgevon,t having added 
to 3 grammes of fresh Uood 8 drops of a 10 per cent, aqueous solution 
of tannin, saw vibrios appear in the mixture on the iburth or fifth day — 
that is to say, almost as soon as they would without any antiseptio. 
Qubler and Bordicr X state that a horse which for many days had 
received doses of 20 grammes of tannin, remained with its blood un- 
patrefied till the fifth day after death. 

There are many varieties of tannins from many different plants, but 
none of them have even the power to preserve their own solutions. 

Styrone forms silky white crystals of a sweet taste, and having an 
odour like hyacinths. It is soluble in 12 parts of water, and easily 
in alcohol. The saturated aqueous solution has been recently found 
in America to be a perfect deodoriser of a foul ulcerated surface, and 
to cause no irritation. As an antiseptic it is said to exceed thymol. 
This explains the healing properties long attributed to tincture of 
benzoin, of whkk liquid stomx is a eonstituent. 

aCeH3(OH).00OH 

Sodiimi DltUoaali^late "No. 1, ' I , has only ra- 

S.0eH3(OH).COOH 

cently been brought under notice as a powerful antiseptic. In a 15 
per cent, solution the most resistant bacilli are easily destroyed in 
from twelve to fifteen minutes. In a severe case of ozcena it effected 

* A. Haas, StM Apetk, ZOk, 1881, p. 6S. t ArdL de Mid., 1881, 18. 
t BuU. d$ Tkin^tui,, 187S, voL bociiT., pk M 
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ft oomplete ooze in a nktiyely short tune. In 2} to 5 per oent. aoln* 
tion this pnperntion ii reported to hvn yielded most strikingly 
beneficial resulta in the trestment of foot-and-month diiwne, in whieh 
its farther trial would seem to he very desirable.* 

THYMOL, CAMPHORS, AND ESSENTIAL OILS. 

From the time of the ancients it has been known that tins class of 
aromatio bodies luid a prof^ylactic action against fevers, and were of 
value in purifying air, and as insecticides. Precious woods were those 
which containrd essential oils, like sandal-wood and cedar; they were 
used in constructions wished to be iniperishal)le, and for boxes to 
contain valuable tissues and documented. They were burnt for fumiga- 
tion.s to tlrivc away diseases, they were carried about the person, they 
•were thrown as logs into water, and mixed in wines and possets. Tlic 
ancient classic wines had generally a strong resinous flavour, due to 
the admixture of herbs, and even to a trace of wood-tar purposely 
added to the grapes to check objectionable fermentation, also to 
bitomen on the stoppers, so that, apart from the agreeable odour, 
there was also a real ssaitary ose for perfumes. A large number of 
patents for disinfection contain aromatic gums and resins as a^uncte. 
It is well known that these were used with bitumen for embalming, 
and bodies have been preseryed in this way. The resull^ however, 
was in great part due to desiccation and protection from, the air. 

Musk, which seemed to give some reli^ in plague cases at Hong 
Kong, has been suocessiiilly used in laige doses for cholera by 
Mon8iorski.t 

These odorous principles are divided into two classes : — 
Class I. — Hydrocarbons, composed of carbon and hydrogen only. 
They mostly l-clong to the terpene group, Oj,,!!,,,, or derivatives of it. 
This formula includes the liquid portions of the oils of thyme, orancre. 
lemon, savine, turpentine, juniper, hop, cloves, camomile, and the 
majority of others. It will be noticed that the use of condiments may 
be explained on the assumptic«ii tluit they are all (including salt, 
mustard, and vinegar) antiseptic and preventive of fermentation, 
hence germs in the alimentary canal have their action arrested. Oils 
of capivi and eobebs, probably affecting micro-organisms in the urinary 
tract, have the polymeric formula, C^^Ho^, as proved by their vapour 
density. Oedrene, from cedar, is said to be C,^H.^^, hence would not 
be a terpene. Menthene from peppermint is CjoHjg. Hie cause of 
tiie differences in odour of these different compounds of tiie same 
formula is not yet entirely known, but in many cases the difference 
is due to physical isomerism. All are liquids with boiling points much 
• Hdbing, Jfed Mattria Medka, p. MH t Pnt, MitL /ram., Feb., ISM. 
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IqC^er than tlist of water (moitly 160* to 180* (X), yet they emit at 
ovdinavj tempevatue minute quantitiea of atsongly aoented Tapoar» 
and are readily volatilised with steam. Their qwcific gravity is 
QsaaUy less thaa that of water (0*83, orange, to 0-94, caraway), and 
they are almost laaolable in it ; they are readily soluble in alcohol, 
forming "essences," and in other hydrocarbons and in fatty oils. 
When fragrant plants are distilled with water the essential oils float 
on the surface of the distillate, while a small proportion dissolves to 
form the ''distilled waters" of pharmacy, all of which are mildly 
antiseptic. 

Both the essential and the fatty oils j)rotluce a greasy spot on paper,, 
but the spot produced by the former gradually disappears, whereas 
that of the latter remains fixed, so that the presence of adulteration 
can be easily detected. 

The essential oils neither combine with, nor dissolve in, alkalies ; 
yet, if they be present when resins or fat are saponified, a large propor- 
tion remains dissolved in the soap, and is only liberated on dilntion 
with water, when an emulsion similar to those obtsJned with tar 
oils is finmed. 

Chlorine, bromine, and iodine set on most of the essential oila 
(iodine at first merely dissolves)^ giving compounds in which the 
halogen displaces one or more atoms of hydrogen, at the same time 
the odour is much affected, becoming gradually pungent. Excess of 
chlorine breaks them up entirely into hydrochloric acid and carbon. 
Therefore they arc not suitable for use with the halogens. The 
antiseptic or disinfectant properties of substituted essential oils are 
not well known, but there is no evidence to indicate their utilitv. 

The terpcnes rapidly absorb dry hydrochloric acid gas, yielding 
compounds called artificial camphors; some of them are crystalline, 
and in ajipearance and j)roperties much resemble natural camphors. 
Patents have been taken out for these products, but they have not 
hitherto been of much value. The artificial camphor obtained from 
oil of turpentine is the best known. 

Artificial camphors are only formed from the terpenes by slow 
combination with water. 

Tupontines. — Whan an incision is made in a pine iane, a resinous 
fluid flows out^ which is mainly a solution of various resins in the 
hydrocarbon, Oifiu, called "oil or essence of turpentine." ** Common 
turpentine" oomes chiefly from Finns a6te^ *' Venice turpentine" 
and "Bordeaux turpentine" from Pinut maritima, and " rhian 
turpentine" from risUicia lentiseuB. They are somewhat diiferent 
in antiseptic value, but different specimens vary among themselves. 

By distillation with water, about one-fourth (the essence) passes 
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over vith the tteem, while three-lbiiiiht renuun behind u rosin. 
The Utter hes no entiaeptio power, but it need as an adjunct or 
medinm in a large number of organic disinfectants (Jeyes, Jcc.). 

"Camphiae" is the oil of turpentine from Pinut Oiustralis. Letheby 
found that 1 in 4,000 of oil of turpentine in air prevented necrosis. 

Glass II. — Oxidised Compounds, such as camphor, thymol, &c., are 
crystalline solids, existing dissolved in the natural oil, from which 
they cither separate sjtontaneously or by refrif^eration. They were 
formerly called Htenroptenrs. Some of them have been formed by 
oxidation of the hydrocarbons, others are of a different constitution, 
such as — 

Thymol, propyl-methyl-phenol, or propyl-metacrcsol, Cj;ir3(CH3) 
(03117)011. By cooling oil of thyme, crystals of thymol separate, 
while the liquid portion consists of thymene, Oj^Hj^, boiling at 
165* 0. Oil of thyme contains about equal proportions of thymol 
and thymene ; both have the pleasant odour of the plant and a hot 
«romatio taste. 

Thymol is easUy fusible (melting point, 44* 0.)^ lighter than water, 
in which it is very sparingly soluble (3 parts in 1,000), and is easily 
soluble in alcohol. It does not readily combine with, dissolve in, 
Alkalies, and is insoluble in acids, except sulphuric, with which it 
unites to form thymolsulphonic acid, in almost inodorous soluble 
crystals whose physiological properties do not seem to have been 
examined. 

Dr. Paquet first* recommended thymol as an antiseptic in surgical 
dressings, and as an inhalation in pulmonary gangrene. Jalan de la 
Croix t found on an avora;^e tliat while 1 in 1,000 prevented bacteria 
from growing, 1 in 100 was necessary to kill tlicm, and as much as 
1 in 20 to destroy the germs. Miijuel ranks it as strongly antiseptic, 
since 12 grammes "neutralised" a litre of beef teji. Other observers 
found th(! following strengths necessary to prevent the development of 
bacteria ; in urine, 1 iu 3,000 {Uaberkcm) ; in infusion of peas, 1 in 
3,027 {Kuhn) \ in tobacco mfosion, 1 in 2,000 {BwkoUz). Wemits 
states that a saturated aqueous solution (3 in 1,000) arrests pancreatic 
digestion. Kobert, Eohler, and Stem used it to preserve vaccine 
lymph, as while it prevented it from putrefying^ it only slightly 
diminished its activity. Koch mmtions it as specially inhibitory to 
tuberde. Batimoff| puts it fourth in his list of disinfBotanta, 
arranged in order of potency (mercuric chloride, silver nitrate, iodine, 
thymol), saying that *< 1 in 35,000 killed putrefactive bacteria." 

* BuXL gMrattU Tkirapeutique, 1868. 
f Ard^,f, esperim. Patkd,, Jaa. SO, 1881. 
t BMkrmuiM*» CaUntblaU, vol. ziv., p. 360. 
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Thymol in a saturated solution in water arrests fermentation and 
putrefaction better than carlxjlic or .salicylic acids.* Thymol gauze is 
ttsed in surgery, and an nintnient has been made with lauoline. It is, 
however, too expensive (ov use on the large scale. 

*' liisteriQe " is a mixture of the essential oils of thyme, eucalyptus, 
Baptina, GaiUUieriaf and MentJta arvensia ; each fluid drachm also 
oaataiiis 2 grains of refined and purified beoahboracio acid. 

The action of iodine on thymol is of inteieiL The action may be 
represented as follows : — 

C«HI(GH«)(CsHr)OH 
9C«H|(CHt)(C»Hr)0H Sit = -I- 4HI 

CeHKCHaXCHyJOU 

This compound is di-iodo-tli-thymol, and is known commercially as 
Aristol or Annidaline. — It is a white solid* melting at 60" C, insoluble 

in water, soluble easily in alcohol and ether. liik*' most iodine com- 
pounds it turns brown on exposure to light and air, liberating iodine. 

It is said to be stronf;ly antiseptic. 

Menthol — Oil of jx'ppennint contains a hydrocarbon, menthene, 
CjqHj^, boiling at IG.r ('., together witij a white crystalline solid 
obtained by c<X)ling it, menthol, 0j„HjyH.,O. Menthol melts at 34° C, 
and boils at 213 C\ It smells of peppermint, and has antiseptic 
pro^ierties. 

Peppermint from very early ages has had an immense repute as an 
arrester of fermentations. Seyeral medical receipts for *' plague water " 
haye peppermint as a basis. In a recent cholera scare there was a 
stnmg demand both in Germany and England for peppermint herb^ 
and for the oil and water. W. L. Braddon t directs attention to the 
antiseptic properties of oil of peppermint in diseases in which antisepsis 
is the best mode of treatment. Angas Smith spoke highly of 

It was ascertained by Koch that 1 part of the oil in 300,000 arrested 
the development of spores, and that the vapour from warm oil of 
peppermint quickly killed both spores and bacilli. Dr. A. Macdonald 
found tliat the power of menthol is about double that of phenol — 
" 1 in 500 kills bacteria." § Both it and oil of thyme seem to be usefiil 
antiseptics. 

Oil of Cloves. — This is extensively used for preserving paste, gum, 
I'c, and for carious teeth (" Bunter's Nervine"). It is heavier than 
most essential oils (specific gravity 0-918), rather more soluble in 
water, and more volatile (l^oiling point 143' C). All these peculi- 
arities increase its value as an antiseptic It consists chiefly of a 
liquid terpene, C,oH,^, holding in solution eugenic acid, C,oH]202 

• Bril. Med. Journ., 1875, vol. i., p. 680. t Year- Book of Pharmacy, 1888. 
X DmnftetanU and Dmn/ection, 1869. § Ediit, Mtd. Journ,, 1S80. p. 121. 

14 
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(Bttling), with tok laomer eugeniu, and » vaiietj of ounphor called 
oaryophyllin, CjoHj^O. 

OQ of Carmoay is yet heavier (speciiLc gravity 0*938). It oontaana » 
hydrocarbon carrene, isomeric with thymol — specific gravity 

0*953, boiling point 225*0. (Jodaha), The latter ^fields with an 
alkaline eolation of ammonium anlphide a pecnliar substance named 
carvol hydrosolphide, {^yfi.^fi)^L^^ in yellowish cfystals sparingly, 
soluble in alcohol, almost insoluble in water, bvt slowly decomposed 
by it. It lias an unpleasant odour, and is strongly antiseptio^ but 
hardly available on account of cost, insolubility, and poisonous char- 
acter. Jalan de la Croix • states that 1 in 1,000 of carvol destroyed 
the bacteria of tobacco infusion, while 1 in 360 was required for those 
of urine. 

Oil of Cinnamon is considered by Lucuf? Championni^re to lie 
superior to even corrosive sublimate as an antiseptic Oils of verbeniu 
and geranium ii.ive similar properties.t 

Essence of Hops is a powerful agent in checking fi rmentation, 
hence its former universal use in brewing. It readily absori)s oxygen, 
being converted into an acid resinous mass containing valerianic acid, 
CgH^^.COOH. The main constituents are a terpene, Cj^II^g, and 
valerol, C^H^gO. 

AH the other essmtial oils are more or less antis^tix^ but their 
general use is negatived by (1) their cost; (S) sparing solubility; 

(3) tbeir persistent odour, which becomes alter a time insupportable; 

(4) their want of energy in terminating^ as dwtinguished from re> 

straining, putrefaction and fermentation changes ; (5) internally, their 
injurious action on digestion. Their chief valu^ beyond that due to 
their odours and flavours, consists in their general property of hinder- 
ing fermentation in the alimentary canal. They are hugely used 
for mouth washes, tooth powders, itc. 

Terebene, Ci^Hj,, (specitic gravity, O SG ; })oiling point, 160* C), is a 
liquid obtained by actinir on turpentine with about one-twentieth of 
its weight of oil of vitriol, and distilling. It has a stroug odour re- 
sembling that of thyme and pine-wood, oxidises less readily than 
turpentine, and is only sli^litly soluble in water, but ea^sily in aleohnl 
and oils. Some years ago it was extensively coinnunded as a "disin- 
fectant;" it has now almost fallen out of use except in "Terebene 
Soap," which ia a pleasant preparation of stmie antiseptio power, con- 
taining 1 to 2 per cent, of terebene. 

ViqH Hadean, of Netley, reported favourably on its use for sutgical 
and sanitary purposei. 

Gaiiiphoin«->These are oxidised essential oils. 
• Anhh,/, exp. PotkoL, Jan. 20, 1S81. t Sw, TUnp., 1898, p. SM. 
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(Muuj or Lanrd Camphor, CjoH^^O, ia a irMte Mlid of spedfie 
gravity -996. About 1 per cent. diasolTes in water, oommnmcatiiig to 
it^ as ** camphor water/' its odour, with its stimulaat and antisoptSo 
properties. It is yery solnUe in alcohol; the tincture in moderate 
doses is an irritant poison. Dr. Rubini in Naples used it laigelj in 
cholera and diarrhoea. 

CkmphOT has some repute as a personal prophylactic, but it It obrioiis 
that there cannot be sufficient of the vapour to disinfect tke air. It Im 
irritant to the skin* It bums with a luminous sooty flame ; bat when 
burnt, either alone or with spirit, the products of combustion contain 
little or no camphor. Spirit lamps containing this and essential 
oils in spirit have often been proposed for fumigation, but are 
obvioiisly of little value. 

Thcr<> are numerous inventions n latini^ to camphor. "Sanoscent" 
is a block disinfectant containing caniijhor, eucalyptus, pine-oil, "and 
other germ-killers." The Viasis of most of the cakes or blocks commonly 
met with is either naphthalene, jiaralhn, or plaster. " Hebden's Cam- 
phortar" is camphor, eucalyptus, and tar distillates, similarly made 
into blocks for lavatcvies, and also recommended to be grated 
among dothes fer insects (see under Jfaphthalene, p. 148). 

A mixture of equal parts of camphor and animal (vegetable 1) 
cfaarooal is recommended by Barbood ibr preventing the offensiTe odour 
and remoying the pain (T) of old excavated ulcers.* 

Kylet has shown that camphor combines in moleeolar proporUona 
with menthol. Symes X bas made a similar compound witli menthol. 
These compounds, like that with phenol, are generally liquids. Hille§ 
suggests its use with magnesium or calcium chloride for drains and 
for dressing vinesL 

Aromo- and iodo-eamphor are strongly antiseptic, but irritant. 

Eucalyptol, or eucalyptus camphor, Ojf^HjgO, was first isolated by 
E. Jahns from the cssontial oil of various species of Eucalypttui. 
.Since then it h.us Ix'en dctectiKi in numerous other oils. Besides six 
species of Eucatypfux there are 15 plants which yield it. It is a 
colourless liquid, smelling like camphor, of specific gravity 0-930, 
l>oiling point 170 ('., and crystallising i)oint — 1" 0. It is practically 
insoluble in water, but is miscible with alcohol, ether, chloroform, and 
fatty oils. The Eucalyptus trees have long been famous for their 
antiomalarial action, uid are largely planted on tim Continent in 
marshy districts. According to Cloez, the half-dried leaves oontain 
6 per cent, of the oiL It is used in the antiseptic treatment of atonio 

* Chem, wndDrug.t 1887, p. 873. fAm. Jomm, Pftorm., 188S, pi 4211 

t Pkarm. Jomk, 8, vol. is 0ML | Pstent Ko. MUt l^ft « 
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vicers, gangrene, Jcc, iatemiUiy and by inlikiiUioii for pnlmonanr 
affeetioiM.* 

Candles containing 5 to 10 per oent of oil of eucalyptus or cajeput 
with or without a little phenol were patented by Wrightf In all 
these fomigating applianees the greater part of the organic matter 
is destroyed in burning, only a (hiction being Tolatilised unchangedt 
while the peculiar odour becomes after a time sickly and insopport* 
able. All fumigating candles, except the so-called "sulphur candles" 
(p. 93) and some bromine and iodine forms (pw 73), are therefore 
unsatisfactory. Tablets containing eucalyptus oil and chalk, which 
have a powerful and pleasant odour, have been introduced for domestic 
use.t 

EucaJypto-resorcin is a haixl amorphous mass obtained by mixing 
eucalyptol with excess of resorcin in the cold. It crystalUses from 
chloroform, is insolul)le in water, but very sohible in alcohol and in 
ether. It is .said to have some advanta;;e.s as an antiseptic. 

Myrtol, from essence of myrtle, is a clear liquid of pleiusant mlour, 
boiling between 160' and 180' C. Eichorst recommended it as an 
internal antiseptic. It is a mixture of dextro-pinene (the main hydro- 
carbon of turpentine, juniper, eucalyptus, and ssge oils, ikc.) with 
eucalyptol, and would be advisedly replaced by the latter (Jahfu). 

TwiUn. Hydrate, C,||Hig(OH)^,Up, is prepared by the interaction of 
a mixture of 4 parts of oil of turpentine, 3 parts rectified spirit, and 
1 part of nitric add in shallow porcelain dishes during some days. It 
occurs in large colouriess and inodorous crystals with a fidnt aromatic 
taste. On warming there is a separation of the water and formation 
of terpin, C|0H|g(OH).,. The development of tubercle bacilli is arrested 
by a 0*25 percent, solution (Coljn). It has been used internally in 
lung and kidney diseases {Mnname and Talamon). 

"Terpineol" is the prt)duct obtained by ])oiling terpin or terpin 
hydrate with dilute mineral acids. A<^i*ording to Wallach it is a 
mixture in variable proportions of terpineol (C,,,]l,^<>) and several 
terpenes. Guelpa and Morra have proposed it as on antiseptic in 
cases of bronchitis. 

Absynthol is an isomer of camphor from oil of worniwtwd. 

Caryophylliii, C^.^jH^^U.., is a polymer fnim oil of cloves; Eugenol, 
CigHj^Oj;, an unsaturated compound, being the chief constituent of 
the oil. 

Bonwol or Borneo camphor, CjqHj^O, from Ihychatanopi camphora^ 

• See (limbcrt, Eucalyptn^ glob^du^ and it* Importance in Agrieullnre, HyrjifiM^ 
and Medicine (Paris, Delahayc, 1870). Deniarquay iu 1872 reoommeudtHl euca* 
lyptol in surgery. Sir J. Lister has used it ss a substitnte for carbolie add. 

t Fstaat No. ll,m, 1881 t Lanea, vol xi, 188Q, ^ 734. 
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is a white eiystalline solid with an odour like pepper, resembling 
ordinary cani|>lior in properties. It is slightly more antiseptic than 
camphor (6Wmi). 

An "Improved Disinfecting Fluid"* consists of 28 lbs. chloride of 
lime, 14 Ibe. of e«mp1ior) and 50 gallons of ** black varnish'' (a ooal*tar 
product) mixed together. ** After standing for eight days the resiilting 
substance is ready for use in urinals, Ac." 

Camphdd, though in itself only feebly antiseptic, is a nsefvil vehicle 
for applying more active agents to the skin, and forms a protective 
coating. It is a mixtore of camphor, pyroi^lin, and alcohol. Several 
so-called disinfectant washing powders have been patented. These 
usually consist of a mixture nf disinfectants with soda crystals. R. P. 
Hicks t makes a saturated solution of sodium carbonate in boiling 
water, and then on cooling, as it crystallises, a mixture of diamylene 
'^or decylene, CjoH.,^), camphene (one of the terpenes, Ci^}{j(,),menthene, 
tereljene, cymol, thymol, and soTnctimes plionol is added. 

INIany of the essential oils arc used as disinfecting; powders. Under 
phenol (p. 154) the huses of the most common powders have already 
heen mentioned. Lime, niaijnesia, and alkaline bases unite with thet 
disinfertiuit when it has acid properties. The volatile oil is then 
only slowly evolved by the action of the carbonic acid of the atmo- 
sphere. Sand is too coarse for general use, but infusorial earth 
sad artificial silica (Calvert), being inert bases, give off the volatOe 
matters completely. For use in wet places, such as urinals, inorganic 
bases are the best ; whUe for stables, rooms, ke*, sawdust and peat are 
most serviceable. Plaster of Paris and cement are sometimes used ; 
whikt dry earth and burnt day are suitable for rough work. 

The Ozidiaing Power of Essential Oils.— 4taiiitas.^-8ch&nbein first 
obitorred that in all slow processes of ooddation a small quantity of the 
oxygen is converted into osone. This is the case in the slow burning 
of phosphorus. If any cnganic matters be present, they are rapidly 
oxidised by the ozone formed. He remarked that oil of turpentine 
and other essential oils were specially active in this way, and that 
ozone, probably from being continually re-formed, was permanently 
present in small amount as lontr as aiiv oxygen was left. 

He attributed tlie purifying action <>f perfumes entirely to this 
ozonisuig effect. Hut An^'us Smith :J proved by experiments that the 
♦•xplanation v/as not sufficient, and that their antiseptic action must 
also be t.aken into account. He suspended ozone paper (blotting- 
paper dii)ped in potassium iodide and starch paste) in a large flask 
containing a thin layer of the essential oil, and judged the amount of 

• Lce», Patent No. 1,738, 1893. t Patent No. 6,209, 1887. 

t DUin/ectants, Edinburgh, 1869, p. 118. 
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ozone by the degree of blueing of the paper, taking 10 degrees as SA 
arbitrary maximum. He gives the following table : — 





XMpM of BlndnK el tlw OaoDe PMver. 




After la houTB. 


Si hours. 


tthoon. 


72 hours. 


Oil of Orange-peel, . 
Essence of Turpcaiine, 
Oil of Juniper, . 

ff Cnnun, . • 

„ Jjarender, 
Creaol, 

i'henol, pure, . 
Creosote (Wooil , 
Pyroligncous Acid, . 
Camphor, . . 
Oil of Thyme, . 
Naphthalene, . 


CSoodderaUe. 

Feeble. 

Considerable. 

None. 

»t 

>t 

»« 

t$ 
tt 


Strong Colour. 
Diitinot* 

tl 
tt 
It 

II 
II 
It 
tt 
tt 


0 

7 
5 
8 
2 
2 

None, 
tt 
It 
t» 
It 
II 


10 
9 
5 

S-5 

2-5 

2 
1 

None, 
tt 
tt 
ft 

1 



This test is not very delicate, as there is no doubt tliat traces of 
ozone are produced with all the above compounds except naphthalene. 
Other observers have found oil of thyme to give more than cresol. 
Yet the fact is obvious that the antiseptic action is not proportional 
to the small quantity of ozone formed, though the slight disinfectant 
power may be. AlUiough, relatively, there is only a mere trace of 
OBOQe, amounting perbi^fM to 1 in 1,000, neverUieless it nMjform a 
oonsidefahle quantity in a large volume of air. 

Seoutteten * found that oconiaed air rapidly removed the odour of 
foul manure ; Richardson and Wood, that of putrid blood that had 
heen kept in a flask for two years. Bond attributed the dinnfectiog 
jMstion of permanganate to its production of oxone.t Boillet proved 
that ozone not only destroyed a putrefactive odour already formed, 
but actually prevented putrefaction. J Chapuis collected the germs 
and dust from contaminated air by filtering it through cotton wool ; 
he then submitted some of the wool plugs to the action of ozonised 
air. On then placing the wool in a nutrient solution (wort), the 
untreated plugs caused rapid turbidity aud growth, tlie ozonised ones 
remained clear for twenty days.§ From the known fact that the 
hygienic condition of a k)caiity varied with the proporti<»n of ozom^ in 
the air as shown hy test papers, and that several epidemics liad been 
preceded l>y a sudden fall in ozone, he very naturally argued that 
ozone must have the power also of destroying pathogenic organisms. 

Miquel asserts tiiat osone attacks gaseous emanations before it acts 

♦ L'Ozone, Metz, 1856. t Brit. Med. Joum., 1875, p. 239. 

t Comptet Bendits» 1875, p. 125$. § BuU. Soc ChimiqiUt 18S1, p. 290. 



Digitized by GoOgle 



OROAKIC 8UBSTAKCES. SIS 

«a buterift or tpovM. Babaeqiuiit inTMtigitiflinB baye ihown that it 
does attack the latter (aee 0«oim). 

Thenard waa one of the iizat to show, and Ireland,* Barloir,t and 
others to confirm, that this gas is a poiaoo, and waa capable cafuing 
aq>hjxia and fatal hnmohitiB, and that even a vmj minnte qnantily 
was irritant to the mucous membranes. 
These facts hare a direct bearing on the claim of many advertised 
disinfectants " to givr> ozont*. The odour of turpontine, the smell 
of a newly-painted house, even the proximity of a pine forest, though 
supposed to Im; good for consumption and pulmonary complaints, 
undoubtedly cause in many people considerable irritation of the eyes, 
nose, and lungs. Still, in most cases, the freedom of the air from germs 
produces manifest improvement. 

0. T. Kingzett, about 1874, noticing that in presence of excess 
of warm water, peroxide of hydrogen, which is not irritant, is produced 
in solution rather than oaone, together with oxidation prodnets of 
the terpenes, which acted as strong antiseptics, introduced a new 
disinfectant under the name of Sanitas." 

In the first patent X turpentine oil is floated to a sufficient deptii 
on the snrfiMse of warm water in large jars called oxidisers, and 
ourrents of warm air or oxygen are forced tbrouj^ the mixture 
oontinuously for seven to ten days, maintaining the tempwatare con- 
stantly at 60% The iffoportions used are 9 pwts of turpentine oil 
to 1 of water. 

Berthelot has also sliown that oil of turpentine is capable of dissolving 
from 3 to 5 per cent, of oxygen. The action in the presence of water 
is, therefore, of a dual character, the atmospheric oxygen molecules 
simultaneously producing molecules of j>eroxide of hydrogen, HoO,, 
which dissolve in the water and oxidise the turpentine, yielding 
camphors, camphoric acid resins, minute (juantities of formic acid, 
■cymene, d:c., and a substance named by Kingzett ''camphoric penixide." 
Part of these disaoive in the water, part remain in the oil. The 
products are : — 

1. "Sanitas fluid," of a light straw colour and pleasant aromatic 
odour. It contains camphoric add, camjdioric peroxide, and gives a 
distinct purple reaction with sulphuric add and potassium bichromate, 
flhowing the presence of hydrogen peroxide, amounting, according to 
the Lanettt to such a proportion that twice its volume of oxygen is 
given off when it is decomposed. 

2. *' Sanitas oil," a brown syrupy liquid, lighter than water, and 
insoluble in it, but soluble in alcohol, and having a similar odour to 

* ^aaofet de ify^iftw^ vol xix., p. 4881 f /own. qf^iMrt* <Nid PJ^wbL, 1878L 

t No. 874, 187ft. 
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tbttt of the liquid. When shaken with water, the latter acquires 

a peroxide of hydrogen reaction which is not bo strong as that 

produced by the fluid.* It burns like camphor with a sooty flame. 

Patent No. 5,572, 1882, added resin and resin oil, and camphor or 
tbymol. Turpentine, oil of eucalyptiis, and "camphor oil" are also 

among the ingredients used. 

The " Sanitas air purifier " consists of fine wood flour impregnated 
with camphoric pero.xitle. A Sanitas toilet aoap is ma<lo, and soft 
HOaps, veterinary washes, and emulsions of the oil with gums, &c. 
Patent No. 1,5H1>, l^iiO (Aiiujzett), refers to " oxidised turpentine mixed 
with soft or hard soap." In patent No. 276, 1887, it is proposed 
to use : — 

1. Tin instead of earthenware for storing, as Sanitas is not ooirosiTo 
to metals. 

S. Sea water instead of ordinary water, as the hydrogen peroxide 
keeps hotter in a saline solution. 
3. ** One or more antis^tics added before or after oxidation.** 
Hi»greavest mixes Sanitas oil and other disinfectants with lanndry 

blue for linen. 

Dr. A. B. QiiffithSi in testing the germicidal powder of the various 
Sanitas preparations, and particularly of " Sanitas oil " as liquid and 
vapour, on the bacilli of diphtheria, tuberculosis, glanders, cholera, 

typhoid, and scarlet fever, found that : — 

1. "One-tenth per cent, of the oil was incapable of destroying the 
raicrolje of typhoid in bouiUon, but 1 per cent, prevented its develop- 
ment." 

2. "One-quarter percent, completely destroyed Mirrococcus scarl(ttui(P 
in nutrient gelatine, ^ per cent, prevented its developmeut (six tubes 

in each case)." 

3. " Eight tubes, each containing 100 c.c of nutrient gelatine, were 
inocnlated with BaeiBm d^j^therim from pure sulnniltares of the 
microbe; and after three weeks' incubation at 20* 0., ^ cc of Sanitas 
oil was added to each tube, and the incubation continued four days* 
As a result^ the microbes in all the tubes were found to haye been 
destroyed, as animals susceptible to diphtheria on being inoculated 
were unaffiMsted." 

4b '*The bacilli of tuberculosis and of glanders were destroyed 
respectively by 1 per cent, in six, and by h per centb in seven days." 

5. "The spirilla of Asiatic cliolera (Koch) in ten tubes of bouillon 
(slightly alkaline) were killed in five days by 1 per cent, of the oil. 
It was further demonstrated that it is quite impossible to inoculate 
gelatine plate cultivations containing 1 per cent, of Sanitas oil with 
* Lancet, voL L, 1890, p. 809. t Patent No. 2,524, 18S3. 
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the mierobe of cliolm ; although when Suiitei was abaent the microbea 
gave rise to ooloniea." 

6. An appamtoa was fitted hf which the vapour of Sanitas oil firom 
aflaak heated to 100* G. in a water bath was pasted into test-tubes con- 
taining nutrient media in which the above-mentioned ocganisms were 
growing. They were all destroyed in from four to fifteen minutes. 
From this it is concluded that the vapour itself possesses genuine 
germiddal powers, and should be of service in the treatment of 
diseases of the throat and lungs. It must be remembfred, however, 
that these are not quite the conditions under which the agent would 
be employed in practice ; the bacterial growths seem to have boon at 
or near the surface of the nutrient ^flatine, instead of having pene- 
trated deeply into the tissues. No mention is made as to whether any 
water w.-vs placed in the Hask with the oil ; the vapour of a fluid with 
so high a boiling jM»inl fiH Sanit^us oil seems hanlly likely to pass »jver 
at the tenjperature of boiling water except in the presence of steam. 

Dr. Bond, of Gloucester,* Dr. Poehl^f and Mr. Kingzett himself^ 
have placed Sanitas" and its varieties in the very first rank of 
disinfectants. 

On the other hand, yaUin§ says that the statements should be 
accepted with reserve^ admitting, however, that ** this product, being 
unknown in Fhtnc^ we have not been able to experiment on its 
efficacy.'* Harding Orowther|| points out that equal parts of vaccine 
lymph and Sanitas fluid did not prevent the inoculation succeeding. 
It might, therefore be used as a preservative. 

Tripe and Stevenson^ and Longstaff and Hare,** after numerous 
experiments, arrived at the conclusion that " the Sanitas fluid and 
powder do not disinfect better than slak(Ml lime;"' they recognise, 
howe\f'r. tliat this substance retards putrid il»-com|«»sitinn, but that 
"it is little activ(? in deodorising sulistances ah-eady f»utrid." 

It is obvious that Sanitas, like some other preparati<»ns, has suflfered 
by being over extolled ; its chief points of interest are : — 

1. The "ihiid " is non-poisDnous, non-corrosive, and does not stain. 

2. It certainly oxidises most organisms and their products when in 
sufficient quantity and strength, say 1 or 2 parts per 100. 

3. In antiseptic power it is about equal to the cresol preparation9 
and superior to the carbolic ; over both it has the advantage, shared 

• Brit. Med. Joum., 1875, p; 239. t Rerue d^hygQite, 1870, p^ 510. 

t SnnKarij Pecord, 1879, p. 370, and 1880, p. 348. 

§ DeMn/tc(ant«, 1882, pp. 177 and 316. 1 Jled. Times and Gaz., 1879, p. 361, 
U Med. Times and Oat., 18S0, p. 51, " Diainfectants in contradistiactloB to 
DaodoFKBti and AntipvtrebetiTe agents. ** 
** SaUtarff Steord, 1878, pb 888. 
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with permanganate and the halogensi of diemical deitnictian of th« 
mierohes and of exhalations. 

4. Its action on sulphuretted hydrogen is not great, that on ammonia 
is almost nil. It can, however, be used with an absorbent like chloride 
of sine, but not with fiunoua sulphate, solphnroos acid, or other re- 
ducing agents. 

5. Its price is decidedly hif^her than some other disinfectants if 
quantity required be considered. A " Sanita5 water-cart block, con- 
sisting of Sanitas in a highly concentrateil (solid) state," intended to 
Ije placed inside the cart for disinfecting streets, has been proposed, 
but it is more than doubtful whether tliis could be done efllciently 
-except at a [trohibitive cost. 

6. It is valuable for toilet use when a persistent odour is not an 
•objection. Many people find it very agreeable. It ranks about equal 
to sodium hypochlorite (liquor sodn ehlorinata, p. 63). 

7. More evidence as to its stalnlity or constancy of oompositioa ii 
required. 

8. Further independent investigations as to its eifioacy in epidemics 
like typhus, cholers, dsc, as to the poisonous dose of Sanitas oil," and 
whether it has irritant external effects, seem also desiraUe. 

Kingzett calculates that the eucalyptus forests of New South Wales 
and South Australia alone contain, at any moment, sufficient oil in 
the leaves, ready to be evaporated into the atmosphere tinder the 
agency of warm winds, to form no less than about 93 million tons of 
peroxide of hydrogenj and 607 million tons of camphoraoeous prin- 
ciples.* 

A flnitl called " Pinol " is advertised, derived from Pinus pumilo. It 
resembles oilier tcrpene prepanations, but is somewhat more pleasant 
in odour. We have no experience of its efficiency. 

The Waiidswortii Chemical Works manufacture "the Pineotas 
series," including tluid, oil, sawdust, and soap, also carbolic prepar- 
ations, sheep dips, cVrcf 

* Social Sdaue Cofigru$, Mvnehutcr, 1879 ; al»o see the Mune atfthor's Nafurt'* 

Jlygicae. 

t For fartlwr dMraicsl hifbn&stiOB ss to tiis terpoiM sad thdr d«iva1lv«i, im 
O. Walladi, Li6big*s .^HMolea, vttli. ecxxriL, oeunc, cosxzix., eodvL, Jka, also 

on essential oils, &c., Joum. Soc. Chem. Ind., 1888, p. 226. 

On cresols, Franklanil and Ward's S«cond B«port» abridged in Joum. Soe* 
C/iem. Ind.f 1693, pp. 1,051-3. 

On phenol and ounphor in sntiMpfeio dwings, see Qomalin and A. Bergeron, 
€o$i^pt€» RenduB, Sept 20, 1879, ■* Experimentt on tbe Bdwriourof Blood aussd 
with known quantitiei of Phanol, Aloohol, and Gsmpliarated Spirit." 
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CHAPTER XT. 

OOXPOUirBB RSLAXSD TO TfiB AIiCOHOIiS. 

MbOqI Aloetel: Wood Spirit— MeCfayl Cbkirida— C%loraform~M«tb€Be Di- 
chlorido. Tonnio Aldehyde or "Formalin": its Properties and Disinfectant 
Value — Action on Bacteria — Other AMehydes. Ethyl or Ordinary Alcohol : 
Not a lieliable Antiseptic except when Concentrated — Higher Alcohols — 

Acetone. Focmio AaUL ud Sodium Focnafeo. Aootio Add: Aromatic 
TinegM^AcoCioAoidMaFoiMHi^PyroUgBmwAdd— Aootatoa. OlToniiia: 

its Uses — Glycerine Soaps — Preservation of Food. Oleic Add, Oils, and 
Fats: Lanolin. Petroleum: Heatane— VMeUno. yagttobla AoUto: Tartaric, 

Citric, Mulic, Oxalic, Succinic. 

Methyl Alcohol, CH,.OH| is a ooloarless liquid closely resombling 
ethyl alcohol, but boiling at a lower tempenture, 66° C. In the 
crude form of wood spirit it has long been used to preaenre anatomical 
specimens, owing its efficiency in great part to the creosoto, Ac, it 
contains. It is fatal to insects and Tni(?n)-orf^ani8ins in the moderate 
proportion of about 5 per coat., ami were it not for its volatility and 
the fact that its vapour when mixed with air is explosive as well as 
narcotic, it would take a high rank as an antise[)tic. Its relative 
cheapness makes it a better veliicle for those aromatic antiseptics 
which are insoluble in water than ethyl alcohol, wiiich is commonly 
used. 

Tollens has devised a lamp for the slow oombustion of methyl alcohol, 
forming formaldehyde, and thus ensuring aerial disinfection.* 

Veihiyl Chloride or monoohlormethane, CH^Cl, is a colourless gas of 
sweetish odour, soluble in water, and neutral, compressible by a pres* 
sure of 3 to 7 atmo^heres into a colourless liquid, boiling at 21* C, 
in which state it is sold in commerce in iron cylinders. Its vapour is 
antiseptic, but no experiments are extant as to its relative valne. 

Methene or Methylene IHchloride, CH^Cl^ (boUing point, 42* 0.), is 
very similar to, but less powerful than, chloroform. 

Chlorofomi, tncblormethane, CHCI3, has already been referred to 
(p. TC). 

Formic Aldehyde, Formaldehyde, or "Formalin," H.COH, is only 
known in solution and in a state of vapour, since if an attempt be 
made to condense it, it polymerises to a wliite crystalline solid called 
para-formaldehyde, C3lljj03. Fornialdeliyde is readily soluble in water, 
giving, if perfectly pure, a neutral solution; comnierciully it is always 
slightly acid, from the presence of a little formic acid. The odour is 
* Bar. d. deuUch. Chem. (Jatils., ltt9o, voL xxviii., p. 261. 
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very pungent, causing irritation to the eyes and nose. It is not a 
poison. The aqueous solution is stable when kept in well<dosed 
bottles^ but loses some of the gas on exposure. Loew and Hscher, in 
1886/ discovered that it possessed powerful antiseptic properties; 
Trillat-, in 1888, showed that the presence of a minute quantity of this 
substance in urine effectually preserved it from putrefying. In a 
further paper he remarks that " hitherto it has been thought that the 
most powerful antiseptic bodies \)eIonge<l to the hydroxyl compounds 
of the aromatic series of hydrocarbons (the phenols) and to the metallic 
salts. Formaldehyde is, however, a very powerful antiseptic, being 
actually superior to bichloride of mercury in tliis respect. The result 
is quite unexpected, as acetic aldeh ydc dot s not possess this property." t 
It is j)repared by passing niethyl aUoliul vajiour mixed with air over 
:i red hot platinum spiral or heated platinised asbestos, condensing 
and purifying the vapours.* 

Buchner,§ Aronsohn,|| and F. Colin 1 have investi];:;ated the pro- 
perties of formaldehyde, while Lehmanu, Uegner, and Blum** have 
examined its value as a general disinfectant, and Stahl,t 1 1 lauser, 1 1 and 
Liebreichf$ have reported on its suitability for special purposes. All 
these writers are sgreed in attributing to formaldehyde powwful anti- 
septic and deodorant properties. Blum, however, points out that 
micro-oiganisms are only killed in somewhat strong solutions (2 per 
cent). A recent paper by C. Slater and the author confirms Blum's 
statements. II II 

With reference to the antiseptic power of formaldehyde, Trillat 
stAtcs fir that " the addition of 1 to 50,000 to meat cxtrsct had a 
decided preservative action, while with 1 in 25,000 no change could 
be noticed in the extract after the lapse of four days. Mercuric 
chloride in these proportions has no elTect, the extract showing change 
in twenty-four hours. With 1 in 12,000 the extract is kopt good for 
.sevt>ral weeks, while change occurs in live rlays wlien iisint; an ecjual 
weight of mercuric chloride. Several kinds of bacilli arc ilesiroyed by 
n solution of 1 in 25,000, such as that of the saliva, A'c." For the 
preser\ation of meat, Trillat tried (1) immersion in the solution, 
(2) exposure to the vapour, (.3) wrapping the goods in coverings soaked 

* Journ,/. prakliMche Cfumie, vol. xxxui., p. 221. 
f MmtiUur SeieiU.t 1882, p 490. 

$Tkj]Iat and Berlios, Comjrf. Jfaid., voL cxiv.,p 1,278 ; exv. , p. 290; ezis.,p fiSS. 
§ Miineh. Med, Woehev.ichr., 1889, No. 20. || Berlin Klin. Woch., 1892, p. 749. 
•[ Botan. Centralblalt, 1894, p. 573. " Miinrh. Med. Ilor/i., 1S93, p. 32. 

tt Fharm. Zeil., 1893, p. 22. :::: Miinch. Mtd. Woeh,, 1893, pp. 567 and 655. 
K 7%erap. Monatschrift, vol. iv., p. 183. II II Lancet, April 21, 18M. 

%ll MoHitemr Sdenti/^ 1892. 
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with Hm aldehyde lolttttoiL One hoards loekiag in a 1 In 500 aoltt- 
tion praseired the meat for twentj-fire days; fire minutes with a 1 in 
250 ■olution kept it for twenty dayi, when exposed to air at 28* to 
50* C. "Tlie vapour was found to stop all deoomposition, keeping 
meat fresh for months and stopping fermentation in organic liquids." 

C^unbier and Brochet have shown that by heating dioxymethylene, 
the vapour of formaldehyde produced effeets the complete sterilisation 
of household dust.* 

Slater and Rideal's re-examinatioii,t in which formaldehyde was 
added to tubes of bouillon in proportions varying from 1 in 1,000 to 
1 in 20,000, the tubes then inoculated with vigorous culturfs of 
diHV;rent rnicro-organisrnH, and placed in an incubator, showed the 
following results for inhibitory action : — 



Organ Urn. 


Propwtlon of 
Funiialdehytle 
Inhibiting 
Oiowtlk 


Proportion 
allowing tome 
Growth. 


1 

1 


SUipkjftoeoeau ffogemu attmu, 


1 


• 

in 


5,000 


1 


in 


10^000 


flrowth poor 1 in 














1U,U00, and much 


Bacillus typhomx. 














delay«d 1 io 20,00a 


1 


in 


15.000 


1 


in 


20.000 


^'cry scanty growth. 


coil communu, 


1 


in 


7,000 


1 


in 


10,000 


After seventy-two 
















hours* inoabfttioo. 


„ tmtkracut 


1 


in 


15,000 


1 


in 


20,000 


Scanty growth on 
















sixth day. 


8/MriUum ckoln-cBf . 


1 


in 


20.000 








... 


BaeUluf malUi, . , 


1 


in 


20.000 






••• 


••• 


«» pyoryaneun. 


1 


in 


7,000 


1 


in 


10,000 


On th« third day. 


„ laclii'Hit, . 


1 


in 


20,000 










buljfricuM (Uuei>(N}), 


1 


ia 


20,000 










JJieroeoeetu prod^fiotua, . 


1 


in 


20^000 











The authors remark, '*This would place formaldehyde among the 
first three or four antiseptics in Kooh's tables. It is to be noticed 
that even when the proportion is too small to prevent growth, the 
cultures then obtained are scanty, and their development is long post- 
poned. The fact that growth does not take place in the hcuUlcn is 
not proof that the microbe has been killed. Thus BaeUhu maUei, 
which showed no growth after four days' incubation in a 1 in 15,000 
strength, when transferred to a fresh nutrient solution, gave rise to a 
culture normal in all respects, except in requiring an unusually long 
time to develop. Blum has shown with regard to anthrax that ex- 
posure to the antiseptic does not cause attenuation." As to commercial 
yeast, 1 in 2,500 of wort was required to prevent forinentation. In 
lesser quantity the rapidity was diminished, but the iinai amount of 

•OempI, Send., vol. osix., p. 007. fLamoKl, ApcO 21, 1801. 



Digitized by Google 



823 



alooh<d mm tbe aame «f if no ultisqiUo had been added. Henoo 
formaldehyde might be Qiefnl to arreat aeoondary fermentationa Sn 

alcoholic liquids. 

To determine the amount required to kill microbea, aterilised ailk 
threads were soaked in cultures of the Tarioua microK>rgaiiiama and 

then transferred to the nntiseptic. After exposure for various periods 
the threads were withdrawn, well washed in sterile water, transferred 
to boi'ifhn tubes, and kept at 37° C. for more tlian ei^xht days. The 
tubes in which no growth took place were tested ]}y inoculation in 
order lo determine whether they were still suitable fur growth of the 
microlK's or whether the sterility was due to transferred antis<>ptic. 
They all yielded copious growth on second inoculation. Control ex- 
periments were made in all cases. The results obtained were : — 

" Time required to kill tbe microbes with a 1 per cent, solution. 
Ji. pyoge-nea aumw, between 50 and 60 minutes ; B. typhosus, 40 to 60; 
B, colt eommunie, 30 to 40; J9. anthiraeia and S. ^oUres, leaa than 15 
minutes. 

** With ft 1 per 10,000 aolntion (threada examined every half hour, 
at first, then hourly, then every twenty-four hours), B, anihraeU (no 
wpfxm) killed in thirty minutes ; S* ckoUrm in two hours ; but putre- 
fiustion organisma were not killed after twenty-four hours. Experi- 
ments were made to see bow far these solutions might replace the 1 or 
2 per cent, solution of carbolic acid frequently used for the disinfection 
of soiled linen before washing. Soiled clothes from the post-mortem 
room and sterilised clothes soaked in cultures were left for from twenty 
to twenty-four hours in 1 per cent, and 1 per inille solutions of 
formaldehyde. After washing in sterile water they were examined 
by cultivation : — 

1 per onit. 

Clothes from jK>«/-mor/^m nxttn, . • Sterile. Mut Sterile. 
Clothes soaked in B. tifphosua, SpiriUum 

tkokroB, w St, pyog, amnuM, „ Sterile. 

*' The solutiona are without any ill effect on clothes, and are efficient 
as antiseptics, more especially the 1 per cent solution, and the more 
ao as in praotioe the adherent formaldehyde solution would not bo 
removed." It aeems especially suited for the disinfoction of leather 
goods and general articles, like combs and bmahea, ifHiich cannot be 
aatis&ctorily ateriliaed in other ways. 

The action of the vapour evolved at 19* 0. from a 40 per cent, 
solution was examined by ezpoaing to it glass slips of dry bouUhn^ 
cultures under a bell j sir for ten minutes, B. typhotus and colt; jtfl 
prodiffumu and Sp. cholera: were killed in less than ten minutes ; .S*. 
pjfogentf wumu in twenty ; pyoeifanmii in thirty minutes. Aa to 
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the diwnfection of rooms, 1} ounce of 40 per cent, ibnnaldeliyde wm 
vmponM bjr a spirit lamp in n room of 1,548 cubic feet (about 11 J 
ibet side). The dnst was disturbed by Tigorous sweeping, then ex- 
amined bscteriologically. Afier four hours' exposure to the mpoor, 
the dust was again disturbed, and a sample examined. In other 
experimonts threads soaked in various cultures were suspended at 
difierent heights and at about 3 to 5 feet from the source of the 
▼aponr. The results were not dedsiTei but showed decided effects of 
the vapour. There is no reason why much larger quantities of th» 
antiseptic should not lie used. The air before disinfection contained 
420 (ir!_'anisnis for K) litr<*s, afterwards only 71. 

The threads after disinfection in all cases pnKluced n)ore scanty 
cultures and more slowly. Some of those impregnated with £. typlu)9U9 
and coli were sterile. 

It seems also to lie {xjssible to sterilise the .skin with formalin, and 
as it does not hinder the formation of a lather with soap, as mercurie 
^oride does, it seems a desirable substitute. 

Trillat states ^t Jbrmaldebyde precipitates tiie tannin and colouring 
matters of urine. It is also incompatible with ammonia, forming with 
it a non>volatile crystalline compound. It is of course a reduciog 
sgent. 

In oommeroe it is found as ** Formalin," a solution in water eon- 
taining about 40 per cent, of formic aldehyde with a minute trsce 
of formic acid, made by Bchering of Berlin. A formalin" dusting 

powder is also available. 

Berlioz and Trillat say that ^e vapour can be inhaled or injected 
in throat and lung disease with marked lienefit and without toxic 
effects.* J. Stahl !;'enerally confirms the value of formaldehyde.! 

Ethyl aldehyde and paraldehyde seem to V)e useless as antiseptics. 
Chloral has properties similar to those of ehloroform. 

Alcohol, C.,7r.(OH), coai^'ulates all)unien, hardens animal tissues, 
and renders them imputrescilde, hence it is used for preserving 
anatomical specimens, bodies, drc. For this purpose the old form of 
"methylated spirit," containing 10 per cent, of crude wood spirit, is 
better and cheaper. The new form, mixed with petroleum, is not 
available, as it becomes turbid with water; for other antiseptic 
purposes, howoTer, it is equally servioeable. 

Buoholts observed that a 1 in 30 solution of alcohol did not prevent 
the development of vibrios.^ Gslvert and M'Bougall found that 1 in 
20 prevented the putre&ction of beef-juice and egg-albumen for six 
days. Wemits established the foot that 1 in 3 to 1 in 10 destroyed 

* CvrngUa Seiidvi, vd. czv., p. 290. t Pharm* ZeiL, 1893^ p. 173. 

t Arehiv.jr, txp. Paikcl., 1875, p. 150. 
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the acUWty of non-oiguilaed ferments (ptyvUn, ^).* Jalan de 1* 
Croix t foand thet it required a solution of 1 in 31 to prevent the 
growth ot sdttlt bacteria tmnsferred into houHkn, but the organisms 
were not killed belovr 1 in 4*4, or 32 per cent, and the germs not 
below 1 in 118, or 83 per cent Meat broth freely exposed to air 
remained free from bacteria when the proportion was 1 in II, Gosselin 
and Bor^eron^ exposed fresh blood in vessels covered with folds of 
muslia to the vapour of strotif* spirit under a bell-jar. Putrefaction 
was deferrejl to the eighth day by six drops of alcohol, whereas natur- 
ally it would have appeared on the tliird or fourth day. Miquel'a 
statement is that 05 parts of alcohol neutralised 1 litre of beef tea," 
about 10 per cent.,^ 

It has been suggested that the gradual re-appearance of bacteria 
when the solutions are exposed to air is due to the loss of strength 
hj evaporation of the alcohol. But Geisaler has disproved this, 
finding that open tubM oontalntng a mixtttre of water and akxAol at 
the end of seventy^two hours still contained 32 per cent of aloohol^ 
the original amount having been 33 per oent. So that, as with oth«r 
antiseptics, the bacteria have the power of slowly becoming accustomed 
to their environment]! With alcohol this toleration appears to be 
very marked. 

Alcohol, therefore, in itself is not a reliable antiseptic, although it 
has been found useful for washing open wounds and even cavities. 
Here of cours'> its alisorption and stimulant action must be taken into 
account. With water, it is chiefly used as a vehicle for other com- 
pounds, to whose efficacy it adds. Iiidt fi], in some cases it probably 
f akes the principal part, the other matei-ials, such as essential oil8,4kc., 
being in such small (juantities as to act mainly as sceuts. 

Dr. J. J. Kidge'l describes the effect of minute quantities of ak ohol 
on cell protoplasm, and points out that it causes a shrinkage of the 
protoplasm, Ijy withdrawing water, slowly hardens and thickens the 
Malls and hinders nutrition.** To these phenomena must be attri- 
buted its inhibitory action on bacteria, and its destruction even of 
germs, when the solution is strong. Minute quantities have no action 
in preventing putrefaction. Wines, for example, if of weak alcoholic 
strength, become sour, and even putrid. A mixture of acetic ether 
and alcohol, with or without acetic add, constitutes the antiseptic 
and preserving agent called Salubrine." ft 

* Whriung der AnHBqtUea, 1880. t Arehw. /. exp. PatM., 1881. p. 175. 
t ArdL de Mid,, 1881, pw 16. | Org. «fe FAtmotph,, 188S, p. 880. 

![ See Saiiejftk aeid, p. 801 } WatMtt Cheyne, Mtd. Time$ tmd Gm., 1879> 

p. 561. 

IT Brit. Medical A$»ociation, 1890. Brit. Med. Joiirn., vol. i., 1891. 

tt H a k a w sM o , Patent Kc 10,4(>S, 1893 ; J. S. C. /.» 1804, p. 89a. 
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Fonrfe idM, H.OO.OH, tmmUm its homologae aoetb add. Iti 
aatiieptic power It Um than that of amtio and propionle Mid, and 
aoooKling to Duggan,* iu the aeriM of &tty aoida the aotiaeplio power 
ii proportumal to the moleeolar we^ghtfk Sodiuflb femate, H.00ONa, 
is a aolaUe lalt reaembUng the aoetate^ bat pnaawwing lednoiiif fno- 
pertaaa; it has the advantage of dissidviiig maay oompoonds which 
are sparingly soluble in water alons^ sach as arsenious, boric, and 
salioylio acid% and it does not favonr the growth of motdds like 
sodium acetate ; conseqiUflltly it has been incidentally mentioned in 
several patents, as, for example, No. 3,153, 1882, "Boric acid melted 
with sodium phosphate and formate, can be cast into homogeneous 
solid cakes, which are inodorous, very soluble and almost tasteless; 
to be used by dipping or soaking to preserve provisions." It would 
leave a white efflorescent crust, which^ would undoubtedly be anti- 
septic, and could easily be washed off. 

Acetic Acid, CH3,C0(0H), in the pure state or "glaou]," is a 
crystalline solid melting at 17°, and boiling at 118°C.; specidc gravity 
1*055. It has a strong pungent odour, and is Tezy caustic. The 
''strong aoetio aeid" of the JkUUk Fkmrmtmprnki eontaini about 
SO per osnl of real add ; vinegar from 3 to 5 per oenk 

A. more or less eonoentrated aoid, scented with spioes, was much 
used in the middle ages under the name of <*aromatie vineigar," to 
drive away plague. Oladal aoetio add dissolves eondderaUe quan- 
tities of camphor and essential oils, and does not wholly deposit them 
on dilution. 

Acetic acid is the chief product of the aotion of Mycoderma aeeii on 
aloohoL When it has reached a certain amount, it checks and finally 
stops this fermentation, and, if sufficiently strong, it inhibits the 
growth of all bacteria, hence its use for pickles, &c. But, as is well 
known, if the vinegar be weak, it turns cloudy, and itself undergoes 
a putrefactive change. The old idea that vinegar is an antiseptic is, 
therefore, only a question of degree, inasmuch as most micro-organisms 
thrive best in a neutral or alkaline medium ; any acid whatever will 
act as a reskrainer of their growth (see Hydrochloric and Sulphimric 
acidSf pp. 69 and 97). Calvert and M'Dougall say that 10 per cent, 
of aoetio acid was neoessaiy **to prevent animalonliw In beefjnioe and 
eggndbumen linr six days. The efibot of 10 per oent on animalfinlea 
in already putrid beefjnioe was none." laehig defended the popular 
opinion by pointing out that it fixed ammonia and the orgsaio bases 
aooompanying fermentation.t 

'* Aromatie rin^gar," diluted with water^ is frequently used to bathe 
the bodiea of patienta in typhoid fever and soarlatina; It certainly 

* iffli. CSton. /(Mra., voL vii., p. 19l t ValUi^ JMt^^fMtnub, p. 15S. 

15 
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— jut! dMqvanuitiioii, Mto m a cooling toaio to the dda, and renorw 
or ]iicleo any offenaTo odovn. It lends itself edmiiaibly to mixing 
irith reeoran or » snlphooerbokte (pi 168); so yielding a powetfiil 
and eflkient antiseptia The acetates are not antiseptic 

FyroUgMOBB Add, or crude Tinegar, is used in curing hams and 
fish. It owes its undoubted antiseptio power chiefly to the creosote it 
oontainSi 

Fropionic acid, O^gjOOOK, has been tested by Dnggan on 

suhlilis.* 

Glycerine, C jHr,(OH)g, is a colourlrss, inodorous, and neutral syrup, 
of specific pravity 1*27, boiling with partial decomposition at 290'^ C. 
It is raisciblc with water and alcohol, and dissolves a largo number of 
salts and organic compounds. Under ordinary circumstances it is not 
fermcntible. Strong solutions are antiseptic, but weaker ones undergo 
fermentution, yielding butyl alcohol, caproic and butyric acids, and 
other products of Tery disagreealde odour. It has been used for the 
IbUowing purposes: — 

1. On aeoonnt of the sweet taste, nonoiimnentibiUty, and antiseptic 
tendency, it is largely used for nMtUwimg wines, temperance drinks 
(s.^., **Hygeia'% syrups, artificial cordials, and British wines," and 
for the presenration of beefjuice extracts. On this subject Lehmann 
vemarkaf : **An addition of glycerine, as it can be practically applied, 
should not be pronounced hurtful, lira*, even if large quantities of 
glycerine taken at once act as a purj^tiTO (say 15 to 30 grammes), and 
if very large quantities have an action resembling that of alcohol, thwe 
is no doubt that the addition of a few grammes of glycerine (5 grammes 
per litre) is perfectly harmless in such dilution. Experiments on the 
guinea-pig, a very susceptible animal, prove gramme daily per kilo- 
gramme of body weight can bo mixed with food without injury." 
Miquel | says that to prevent putrefaction of bouillon it is necessary 
to add 225 grammes of glycerine of specific gravity 1-25 to a litre — 
a very large dose, which implies that an amount to preserve food 
would also confer a penetrating and unpleasant sweetness. It has 
also been employed instead of sugar in b er era g c a Ibr dia3ietie patients^ 
but causes purgative and griping effects. No prosecution is recotded 
under the Food and Drugs Acts. 

2. In surgery, 10 hatp Ms aim jiUMe, It does not maintain the 
sniftoe moist^ as^ being Tery hygroscopic^ it acts as a drier ; on this 
aoeonni its habitual use Ibr the hands or fhce is well known to make 
the skin teansparent, thin, and wrinkled. Bacteria and insects are 
killed by undiluted glycerine^ since^ having very low diffusive power> 

* Am, Chm, JoariL, vol. viL, p. 68L t Mffffiate, 1888, voL sL, pw 917. 

t Org* «MKnif%.ciii^ 8l 
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it mum death by donoeatioiL Ganni, with thidcer envelopes, reaift 
it indefinitdy, and on dilation oomnienee growing rapidly. Iti 
duef vae haa been aa a medium Ibr other medicam e nte, whioh it 
keepa liquid and allowa to readily diffuae. It is hugely employed in 
nppontoriea. 

3. OlyemnB 9oap§ do not enjoy the same repute aa fonnerly, on 
account of the abore-mentioned objectionable action on the skin if 
their use is long continaed. Glycerinum taponatum " is largely used 
by Prof. Hebra in hia oUnic at Vienna by rciMom of ifn rapid solubility 
in cold and warm water, and its advantageous property of dissolving 
a larcje number of substances and of holding other pulverulent insoluble 
substiiaces in suspension.* It is a faintly yellowish, more or less 
elastic mass, perfectly inodorous, and melting at the body temperature. 
Its composition varies from 80 to 9- per cent, of glycerine, with 20 to 
8 per cent, of a neutral cocoa-nut oil soda soap. 

4. Hams and dried fish have been soaked in «U per cent, glycerine 
with the idea of preservation. 

Borogfyceiide has been described at p. 101. 

Oleio Acid, the &t8, "lAnolin,*' Ae., have no antis^tic power in 
themaelTee, but act aa convenient yehidea for the application of anti- 
leptiot. Oleatea of meronry, zino, Aa, have, within late years, been 
firand to poMeas a rapid ab8oq>tion, to be more powerful than ample 
ointments, and to be less imtating. It has been pointed out (p^ 151) 
that " carbolio (dls " are less efficient than aqueous 8oluti<ms. 

Oils and ointments when applied to the skin may prevent infection 
by the oxdosion of the germs, but Vicario has observed that the 
fixed oils may contain germs, and that both they and any solutions 
to be mixed with them most be sterilised by heating to 100° C, or 
preferably to 120" C, in a dii^oster, especially in the case of hypo- 
dermics injections of guaiacol, iodoform, and euoalyptol with olive oil, 
for y)hthisif!, ttc.t 

Petroleum Jelly and the paraflins, although almost insoluble in 
water, are used ditl'us(;d through it or througli soap and water, as in- 
secticides in horticulture. Under the name of vaseline it is used as 
a medium for antiseptic compounds. 

Marco Polo, in the thirteenth century, said that petroleum from the 
Caspian flea was used " to anmnt camels that had the mange. "| 

YegetaUe AddSy like tartaric, citric, and malic, haTe the general 
power of inhibiting baoteria which prefer a neutral to aa aeid medium, 
but their effect is much less than that of mineral acids, and, as is well 

• Pharm. Zeit., July 19, 1890; Pharm. Joxim., 3rd aeries, vol xxL, p. 1,W0. 
f Amerietm DruffgUt, Jane 15, 1891. 
tJBHtveUpmdia Bntmmita, Toi iiL, p. 280. 
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knmmn, fStuSt loliitioiiB quickly become oovered with mould in mam 
weather. Beinecb * states tliat ■028 per cent of tartaric add in water 
"began to diminish the bacteria^ and 0*2 per cent killed them." 

Ftetent Ka 1,297, 189S, proposes the use of tartario add for pnrifjing 
water, and a filtw has been deviMd to cany oat this idea. Abny 
patents nse tartario and malie adds to increase the solnbilitgr of boric 
add and borax (9. v., p. 102); it would seen as if they would rather 
diminish the efficiency by providing nutrient material, as exemplified 
by Pasteur's solation, which is used for growing (ffganisms. 

Oxalic Acid is an irritant and corrosive poison, and is said to be 
antiseptic. Its solutions certainly do not develop organisms; even the 
oxalates only allow their growth slowly. But ia practice they are 
inapplicable. Succinic acid is slightly antiseptic. 



CHAPTER XII. 
PBACTICAIi METHODS. 

Vewns : Limited Amee Ailmidiitratice. Seweni and Dvslmi : Aehpita aad 

Duet-Holes. Houses: Walls and Wall Papers— Furniture and Wood Work 
—Sinks. Sick Rooms : Isolation — Clothing — Excreta — Removal — Light and 
Air — Spray — After-Disinfection — Phenol — Sulphurous Acid — Chlorine — 
Liqiiid Dtsinfectamts by Spraying— Hot Solutions — Cisterns — Water-Closets 
— Bsrth'Claeete— Middims Cfnipools Tnfention by FUee— Antomatie Die* 
tributor— Wood Paving— Urinals — "Urinal Cakes"— Stables — Pigstyes and 
Cowsheds — Cattle Markets and Fairs — Slaughter-Houaca — Dairies — Bake- 
houses — Pigeon and Fowl Houses — Rabbit Hutches— Cats and Dogs — Vehicles 
—Skins, Furs, Wool, and Hair— Regs. Disinfeotion of Air : Impniitiee 
Sewer Gas — Vaporiaeri and FOten for Air— Water and its Purification. 
PieeeiyaUon oTSimber : Copper Sulphate— Oreoeoto OOe. 

In early times it was almost considered presumptuous to combat by 
natural methods the great plagues which frequently devastated tho 
country, and only trifling efforts were made to control the ordinary 
infectious diseases that are always with us, such as diphtheria, typhoid, 
and other fefv«r8. It is true that vinegar, camphor, and perfumes ware 
used to protect the person from oontagion, and that fiuuigation with 
aromatio woods was sometimes employed, hut these^ as has alxeady 
been shown, have only feeble powers in this direction. As the popula- 
tion i n cre ase d, and overcrowding in towns became generalt the fintelity 
from epidemics became excessiye. Amulets of all kinds weie the only 
remedies relied on. Brat now, in the bubonic plague which was 
* (kHtnOLf, Murki,, 1801, toL x., p^ W 
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recently raging in Hong Kong, the faith of the people in charms, 
mad tbeir opposition to sanitary measures, was sp intense that it was 
only uBider militarj Ibroe that the irork of lanitatkm oonld be wider- 
taken. Yet it is scarcely open to doaht that this plague, identical in 
its symptoms with the great plague of 1666 and other years, as shown 
recently by Kitasato^ and is still endemic in certain parts of the East» 
the Black Death, and the Sweating sieknessi and, to a great extent, 
the choleni» are only kept ont of Europe hy modem applications 
of sanitary science. Hanrey in the tixteenth century, and Bishop 
Berkeley in the eighteenth, seem to have heen the first to advocate 
the combating of disease from the outside. England was the iSrst 
nation to organise a systematic campaign against infectious diseases. 
After the great outbreak of cholera in 1832, Parliament energetically 
resolved to frame regulations for public health. These emanated 
from the elected authority, and not, as in other countries, entirely 
from the police. The Public Health Act of 1818 constituted the 
Local Government Board as the executive sanitary power. Statistica 
were collected. The country was divided into limited areas, which 
were distinguished as Urban and Rural Sanitary Districts, each with 
its Local Board of Health. The TTrfaan districts included all towns 
except London, which has a special sanitary organisation. Scotland 
and Ireland also have in part their own laws. The Urban authority 
centred in the Town OonndL In rural districts the Board of Health 
and the Guardians are now merged in the Rural District Oonndls. 
Each body sends an annnal report to the Local Goyemment Board, 
which from time to time sends out recommendations in the form of 
a circulsr to the Local Authorities. Measures of disinfection are per- 
formed, superintended, or directed by the Sanitary Officer (Inspector 
of Nuisances) uiul< r tlie control of the Medical Officer of Health. 

Sewers and Drains. — It has already been pointed out that the old 
system of pourinij large quantities of liquids, like carbolic acid, sul- 
phate of iron, or permanganate down the drains with the object of 
disinfecting the sewage, is really useless, inasmuch as the reagents 
are practically lost in the immense volume of water, and fail to 
reach a proportion sufllcient to destroy the Ijacteria, altiiough they 
may partially remove the smell. If an attempt is made to hermeti- 
cally close the sewers, as was formerly supposed to be the best method 
fat .proTenting a nuisance, the sewer gas, by backward pressure of 
fains or tides, passes through any form of trap into the houses, and, 
elthougfa sewer, gas has been proved, probably owing to snbsidenoe in 
the quiet atmosphere; to be almost free from germs,* yet there can be 

* **/oiini.'^ Ckm, Ind., 1888, p. Oil ; slso J. PSny Lawiif JUpwrt to the 
L: C7. C, 18881 
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no donbt that it his a depressant effiact^ and lowers the vitalitf In snoh 
a way that men snbjeoted to its mfiuence are therein predisposed to 
infection. The &ot that a few germs may be present must also be 
borne in mind. Consequently, the modem system ib mainly confined 
to ventilation and flushing. Charcoal and disinfecting ventilators 
are elsewhere discussed (p. 246). Drs. Arthur and lUingworth have 
recently proposed a new system of sewerage in which the side drains 
enter at the l)ottom of the maia sewage.* 

lu workmen's dwellings it is customary in London for the gratings - 
of the house drains to be daily sprinkled witli some disinfecting 
powder. M'Douj^air.s, Calvert's, or a pine-oil powder sucli as Sanitas, 
are cominoidy used. In a muaber of experinu'iits oa this practice, 
gratings were selected which evolved a distinct quantity of sul- 
phuretted hydrogen, as proved hy lead paper 1 foot over the drain 
being in most cases discoloured. After sprinkling,' with either of the 
powderSi the fetid odour, lx)th of sulphuretted hydrogen and of sewage, 
seemed to be actually removed, and not merely disguised, as the lead 
paper was no longer affi»cted. The effect^ however, only lasted from 
an hour to an hour and a-half ; after this the smell was as strong as 
ever, and the lead paper was again discoloured. The odour was 
most powerful in the mornings, or on the approach of a thunder* 
storm. It may be mentioned that in this instance several cases of 
diphtheria had occurred, and a general cachexia was noticed in 
the inhabitants, in all probability attributable to this sewer gas: 
Yet in many of these places, when a complaint is made, a roadman 
is sent with disinfecting powder, and the nuisance is temporarily 
abated, instead of the defect in the drain being seen to by the sani-* 
tary inspector. So that this niethod of disinfection is not only 
useless, but is positively to be condeinnc<l. as it b ads to a false idea 
of safety, and hinders genuine sanitation. Sanitary inspectors should 
always visit these places in the early mornings before the roadmen 
have sprinkled the disinfecting powder. 

Chloride of lime retains its power for a very much longer time, on 
account of the gradual evolution of chlorine by the action of the 
carbonic acid of the atmosphere. But even this is inefficient. Its 
smell to most people is exceedingly unpleasant^ and the gratings and 
pipes are quickly corroded ; hence its general abandonment fer this 
purpose. A daily flushing of the drains, except in rainy weather, with 
water seems to be one of the best methods for preventing a nuisance* 
It has been proposed in several recent patents to suck the smoke from 
house and other fires into the sewers, not only to get rid of the soot| 
but with an idea of disinfection, but as it is necessary for workmeu'to 

* Sanitary SeoTrd, ISM. . . 
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enter tiie lewenii il ii not mij to lee lioir tha wmokB ooold be Uoh' 
pmerilj raqpended. 

Aa to AihpitB and SutlMltes, if the j aie fiequentlj emptied, end 
cere ii teken to 1mm patretcent matter and not to tbrow it into tbeae 
receptades, there bb not much danger. Portable ash-bina of galvanieed 
iron arc much used iu London. To sprinkle diainfectantt over the 
refuse is futile, though they may he used with some advantage in the 
empty dust-bin after removal, and over the contents of the dost-carta 
in their passacje through the streets. StingI and Neuman havo a 
patent* for an improved refuse collecting van, with double dust closure 
and an automatic disinfectinijf device. A port^ible petroleum destructor 
for house refuse has also recently bct-n .ulvooated for this purpc»e. 
Most urban authorities have now a ditliculty of disposing of their 
refuse, and many refuse-destructors and cremators are now on their 
trial. 

Houses. — Fresh air, Kght, and frequent cleansing seem to be the 
essentials to be aimed at in thiokly-populated diatriots. In washing 
floors a strong' carbolie soap^ or better, a oresylic preparation, are Tery 
nsflfol. Ourtains and bedding must be oeoasionally Iwushed and 
shaken in the open air. When sweeinng floors and carpets, tesrleaTSS 
or damp sawdust should be used* to prevoit the diffusion of germs in 
the dnstb Oil paint, or a well-yamished paper, are . prefecable £or 
walls, as they can easily be washed. Flock papers hare become 
obsolete, from their forming sndk a &yonrable nidus for the growth of 
organisms. Ordinary wall-papers can be deansed down wifeh the 
crumb of bread, which mechanically removes any bacteria. 

Hygienic Wall-papers prepared with various disinfectants incor- 
porated in the pulp have been suggested. Mercuric chloride has even 
been proposed to be introduced, liut its use sliould not be permitted 
on account of the danger of its being evolved in tlie dust, llesorcinol, 
1 in 2,000, is patentetl by Sinclair and Brown for this purpose. f 
Salicylic acid is non-volatile and inodorous, but it is doubtful if it 
would be eliica<;ious. It has been proposed to incorporate it with the 
plaster coating of walls (p. 198). It always communicates a pinkish 
eolonr, owing to the presenoe of iron salts. Herr Kosinsfci cf 
Warsaw has invented a madune fbr drying and disinfiBeting walls. 
It is a portable aar-heating chamber with pipes to the outside of the 
room, capable of heating sorfiMes of about 108 square feet by an aiiw 
blaat directed by radiating pipes on to the wall or other snr&oe. The 
air is mechanically renewed at the rate of about 1,000 feet a minute. 
It is also intended for large disinfecting diambers, in which the 
rapidity with which the air passes, combines with the high tempsn* 
• No. 47, Jan., 18M. t Patoat Ho. 12^7, 1869. • 
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tore (atatod in the raport to be (}60* F., bni this is obviouly an error) 
in Ininging about the denied result. It is also Bviteble for wanning 
buildings, and for remoying yapour and moisture from crowded rooms 
— e.g^, in a theatre, after the exit of the audienoe, to prevent the con- 
densalioaand settlem^t ci injurious moisture and dust. An official 
commission at Warsaw proved that a private house, the building of 
which was commenced in May, 1882, with the capacity in ground floor 
and first storey of 7,000 cubic feet, was completely dried in fourteen 
days, and severe sanitary inspection proved the building to be com- 
pletely sterilised. 

Furniture and Woodwork can be washed and scrubbed, or, in special 
cases, should bo washed with 1 in 1,000 mercuric chloride (in a few 
instances this may cause discoloration). Beeswax and turpentine 
are better tiwa ^e common fiiniilnre polishes for ptdishing^ as the 
snzfiuse is to some extent disinfected and rendered non-ebsorbent.. 
All cracks and crerioes should be careftdly filled up with putty 
to inreTent the lodgment of rermin or germsl 

StikBy if msde of stonewsre^ can easily be cleaned. Here Oomdj's 
fluid (permanganate) is serriceable, but strong soda is ordinarily 
better. For toilet utensils sodium hypochlorite . (chlorinated soda) 
in 6 per oent^ solution should be occasionally used, also for milk- 
cans and pails. In the case of metal baths it should not be used, 
too strong as it removes paint. Bedsteads, in addition to scrubbing 
with soap and water, can be afterwards washed with chloride of 
lime and water, 10 per cent., and left in the air till the odour 
has almost disappeared. Paraffin oil is sometimes used, but its 
odour is very peraistent. Polished lioors are to be recommended 
in preference to porous floors and carpets. 

Sick rooms cannot be disinfected in presence of human beings. 
All placing of saucers with chloride of lime, permanganate, Jcc^ 
under the bed, or about the room, all banging up of sheets dipped in 
disinftotantSi are simply illusory. Similarly fumigation by medicated 
lamps or candles, burning pastille^ ot brown paper, are uselesa. 
Sufficient of the diainfeefeant to kill the micro-oigsnisms of the air 
would make the air unfit to breathe. The following precautions, how- 
ever, will be of serrioe. 

1. ItaiaUon, — ^If possible, the other inmates the house should 
live on a difEerent floor. Where this, on account of poverty or other 
cause, is unattainable, contact should be carefully avoided. 
. 2. Clotking, — The attendants should wear cotton and linen, not 
woollen, garments. This is now compulsory in hospitals and most 
institutions. The greatest personal cleanliness should of course be 
observed. The following is the beet way of removing soiled clothing 
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from tlie foom At the bottom of a Usege •ir>ti^t tin trunk, saeh as 
it naed for tnTeUing to India, ia placed a pieee of ftlt or blanket, or 
three or four thiokneaaes of llanneL Thia ia sprinkled with erystals of 

carbolic add, and covered with a linen cloth. The crjrstals will soon 
deliquesce, and soak into the stuff. The lid should never be left open. 
The soiled clothing is pat in, and when fall it is left for an hour for 
the phenol vapour to penetrate, and then carried oat into a yard, 
where it is filled with boiling water containing soda, and washed as 
soon ;ts possible. The washing must never \)e done, nor the clothes 
hung out to dry, on the same day as the onlinary house washing, nor 
should they be ironed or starched in the same room or with the same 
utensils. This dry method of removal of clothing is prolxibly better 
than the usual one of plunging into a disinfectant solution (phenol or 
mercuric chloride), as it is easier, and the weight of the water and 
eonstant carriage are aToided. 

3. .Sxenta, Tomit and spnta shoold be reoeived into about a pint of 
mercuric chloride solution, 1 per mille, with 10 per mills of common 
salt and 1 per mille of hydrochloric add, and coloured with indigo t» 
avoid mistakes. A laige quantity of such a solution should be kept 
ready. (See alio pi 141.) Dr. I^her recommends aniline water as 
tSie. best.dirinfoctant for tuberculous sputa (p. 184). "Five per cent., 
phenol did the same in twenty-five bonis; mercuric chloride, 1 in 500, 
fiuled. Dry heat of 100" C. sometimes failed, though it acted for sixty 
minutes. Boiling ten minutes, or steam for fifteen minntes, succecdecL"* 
Disinfected excreta must not be thrown away before the agent has 
had time to penetrate. If disease begins in hoiuses where the sick 
person cannot he properly accommodated and tended, medical advice 
should be taken as to the propriety of removing the patient to an 
isolation hospital. Where dangerous conditions of residence cannot 
be properly remedied, the inmates, wliile unattacked by disease, should 
remove to some safer lodging.! 

4. Light and air should be freely adnutted. Yallin strongly recom- 
mends the me of water spray in the room, as he says that the water 
entangles the bacteria and dust, and the dissolved oxygen in the water 
destroys them. He also approTcs the use in the water of a small 
quantity of resol (dimethyl-resorcin), a body proposed by H. Ttbtt, as 
agreeable and non-owrosiTeL A 1 per cent, scdntimk of peroodde of 
hydrogen, or a preparation like Sanitas might also be employed for 
the same purpose. The sick person should be protected by a screen 
from this process, from draughts, and from too much light. X It is 
well known what benefit is derived in some lung diseases from the 

• JflflML Kai». Ommdh,, 1884. t Circular qf Mtd. Off. Lceai 099, Boetrd. 

t l>M^lKkmt§, p. 407. 
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bnmehitis kettle. Br. W. FefgoBon has niggeBtod ili me 
«8 a fbmigAtor in pnenmoDia and diphtheria by the foUowing nmple 

modification : — " Take an ordinary bronchitis kettle, remove the fint 
Joint^ and replace it bj a common tin funnel loosely filled with tow. 
Ponr on tiie tow 1 drachm of pure phenol, and at intervals more. The 
steam carries off the phenol."* Curtains, hanging, oarpetii and all 
unnecessary furniture should Le removed. 

After-disinjectioru — Phenol, chlorine, and sulphurous acid have each 
had their advocates. 

(a) Phenol. — Pourin*; strong carbolic acid on a hot shovel is 
daiiL^crous to tlie operator. Calvert manufactures a perforated iron 
cylinder delivering a mixture of 2 parts phenol and 1 part water on 
to a red-hot iron heater ; the whole is compact and can be carried by 
a hook. There is also Savory and Moore's vaporiser, in which phenol 
falls on a hot plate ; and many others. But phenol is not reliable as a 
^disinfectant (Miguel and others), and the smell ranains persistent. 

(6) Stdphurmu iletdL— After the removal of snch articles as are beslp 
disinfected by heat, and the dosare of windows and devices, the gta 
in ample qnanti^ should be evolved, the doors being closed for n& 
hours or more. The amount of gas required for the diainftetion of a 
moderately-sized room can be obtained by burning 1| lbs. of loU 
brimstone in a pipkin over a small fire placed in the middle of a room,: 
•with an old tray or the like to protect the flooring. These processes 
should be eflected by skilled persons acting under the directions of the' 
INIedical Oflicer of Health. All wall-paper should be stripped from 
the walls and burned, and tlie same room ought to have its ceilings 
and Willis tliorou-^iily washed and lime-whited.f Boake's liquid sul- 
phurous acid, bottles or tins, are much more convenient in careful 
hands (see p. 92). 

(c) Chlorine. — 3 lV>s. of good clil<jride of lime and 3 lbs. commercial 
hydrochloric acid should be used for every 1,000 cubic feet. This 
•quantity should be divided into several parts and placed in deep 
vessels as high as posiible (since chlorine gas is heavier than air), and 
the acid allowed to drop in gradually by a funnel partially blocked by 
A cork pierced with a small hole (try the dropping rate beforehand 
with water). The room should then be closed for twenty-four houn. 
Before opening, cover the mouth and nostrils tightly with a towel 
Soaked in weak solution of ammonia, j[ to 1 per cent, dose the other 
doors of the house and vpen. the windows. Sprinkle a little strong 
ammonia in the passage around the room door. Now iypen. the sick- 
room door, rapidly throw the windows wide open, and as qai<^y 
retire. Another person similarly protected should be at hand in esse 
« Lancet, 1880, vol. xL, p. 757. t dreiihr qfMtd. Of. <^HeaUk, L, G. B. 
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«f aoddent If the eyes ue •Ifoctod, WMdi tliem vith Inke-irann 
water, without ukj •mmonia. In case wnj initatHm mnaiiui in the 
Inngs or note, inhalation of the vapour of ether will afford lelieC 
With theie precantions. the ^^ratiui la perfeetly safik All metal 
fixtnree should be remoTed beforehand; if this is not posnble^ thej 
must be well rubbed 



over with vaseline or 
lard. This is im- 
doiil)tedly the most 
thorough method of 
disinfection. In both 
processes, however, 
there is a eonimon 
omission. Inasmuch 
as neither dry chlorine 
nor snlphoroQS aoid 




will act, it is neceasaiy 20. -The Equifex di«infectant sprayer* 

to generate steam by 
a boiler or large kettle 
over a good fire for 
some hows before 00m- 
mencing^ so as to make 
thewhole room and the 
air thoroughly damp. 
Then put out tlie fire, 
close the chimney, and 
proceed to the disin- 
iection. 

((/) yi>ii-voJ"(Ue f/is- 
inj6Ctan(H can be ap- 
plied by mechanical 

fieans. Thus bleach- ^ 21.-Tbe JSqnifex diBinfectant sprayer 

ing powder can be used (anothar finrn). 

as a wash, .and .the 

walls, floor, and ceiling coated by means of a brash. Mercuric chloride 
yoltttion and formalin, or, in &ct, any liquid disinfectant can be sprayed 
into the room. The Equifex. sprayers have been specially derised for 
this work. Two forms are shown in Figs. 20 and 21. Tl|e spray is so 
constmcied tliat the fineness of division and the force and velo- 
city of projection can be varied at will. For this purpose the 
channel for the disinfectant is arranged to reduce^ the velocity of the 
liquid at the point of delivery to a rate which is very small, and 
capable of being exactly controlled \xf taming a cock. For a given 
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▼elodty of air, regnkted liy uiotlier ooek, the fone of piojeefci«m wUl 
thorolbre be detormined by the yelocitj of the eir, whioh is eontrolled 
by the pnasure to whioh the pomp is worked, end the degree to whidi 
the air codk. is open. The importeaoe of a fine diyirioii of liquid 
depends on the &ct that it enables the work to be done' with ther 
minimum useful amount of dirinftetanti saving the eaq»ense and inooor 
yenimiGe of waste liquid. 

The parts containing the disinfectant are lined with ebonite, so that 
tiiese sprayers may be used with any liquid disinfectant without any 
risk. The cost will vary slightly with the disinfectant used. Taking 
perchloride of inoreury 1 in 1,000 solution, it is found that an ounc© 
of salt disinfects more than 3,000 square feet of surface. The time 
occupied in the operation is about an hour per 1,300 square feet. ' 

Clothes, hfddiiuj, inaftressr^H must V)e removed at once in a closed van 
to a disinfecting station, to be treated with superheated steam. Dry 
hot air is now only used in. special cases (books, leather, and some 
other materials), and in praotioe the apparatus is no longer constracted 
(see p. 27). Occasionally, however, a baker^s oven may serve, if not 
for the' destmetion of the spores of splenic lever, for killing the noa- 
qwriferons baeteria of cholera, typhus, and diphtheria, and eapedally 
of animal vermin (KUin). The bodies of persons who have died of 
infectious diaeases should be at 'oooe wrapped in a doth soaked in 
1 per cent, solution of mercuric chloride prior to burial or eremati<m. 
Adolf and Heider find that hot solutions of disinfectants arc much 
more active than cold.* In Belgium infected clothes are boiled in a 
solution of zinc chloride, or with a mixture of 240 grammes zinc 
sulphate and 120 grammes salt dissolved in a pail of water. Com- 
mercial zinc salts cannot ]}e used, as the presence of iron salts causes 
them to produce stains on linen. 

In Hospitals special precautions are obviously necessarj', and it is 
natural to expect in them the most improved methods of disinfection. 
Most of the larger hospitals in England are now fully equipped with 
modern steam disinfecting plant for bed-linen, clothes, and the like, 
and, in one or two, special cremating apparatas' are in operation' for 
the destmetifm of infectious stools, bandages, dressings, and valueless 
articles. The floors of the wards are preferably of polished wood, and 
they and the walls near the beds may be'mopped with 1 in 20 carbolic 
add solution from time to time. The bedstead and bedding may be 
conveniently disinfected -by sulphurous acid, and the smaller wards 
may also be disinfected by this gas. Oarbolic acid, 1 in 20, can be 
used in bed pani^ spittoons, and other dejecta leceptaclea For 
suigical dressings, diluted liquor soda chlorinate or carbolio add 

*Jrdk./. JTyyiesf, vcLxv.,p^SS. ' 
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(1 in 40) m generallj mplojrad. Enoiljptiil i» ttiU frequently med 
in Immehitis kettles for diphthem and pulmoatty difleeies. In the 
operating tiieatree and obstetrio vardi mercnric chloride 1 in 1,000 
finds most favour. In London the Metropolitan Asylmns Board has 

been constituted a Local Authority under the Diseases Prevention 
Act, 1883 and 1885, and in 1891 its powers were increased so that it 
is enabled to secure accommodation for cholera patients in the event 
of an outbreak. The arrangements in 1892 provided for 1,700 beds, 
not including 250 available at the Board's Hospitals. These cholera 
beds were secured partly by the acquisition of sites for temporary 
huts, and partly by special arrangements made with the larger hospitals, 
infirmaries, and workhouses. This constitutes the first line of defence 
in London in the event of an outbreak. 

CistemB for drinking water must not, obviously, be connected with 
the waterKdoset tanks. They must be occasionally scrubbed out, every 
three or six months, aooording to the quality of the vatsr. If nuide 
of lead, csie should be taken not to expose the metaUie snrfi^ oi 
lead may get into the water. If any Ibul deposit, or eonferrw, haye 
ooUeeted on the sides, the eistem should be brushed over repeatedly 
with a solutum containing 5 per cent, permanganate crystals and 0 
per cent sulphuric add. Householdeni can have a quart of this 
flf^ntion made up at a chemist's (water 1 quart, potaseium pemuui- 
ganato crystals 2 ounces, sulphuric acid 2 fluid ounces ; cost about 
6d»)i The solution should be used till the pink colour of the perman- 
gannte remains for an hour, then it should be well flushed till all colour 
has been removed. A slight brown coating of peroxide of manganese 
on the walls will be advantageous, by serving as an oxidiser, and 
preventing further ;;rowth. Several inventions have been introduced 
for allowing a small quantity of permanganate solution to be constantly 
admixed with the water, but any admixture of a cliemical, except a 
minute ([uantity of slaked lime, properly used as in Clark's process 
(p. 15) would be injurious; they are, however, of service in small 
oistems used for closets and ucinalB. One of these inventions pUoes 
the orystals in a hoiisoutal bottle with a narrow tube^ another in 
tablets,* a third is a dosed porous pot hung in the dstem.f Straling's 
■anitaiy tube is somewhat eimilar. When a rain supply is used Ibr 
drinking in cottages in remote parts, osre must be teJcen that the 
water-butts are kept very dean. Iron tanks are better than wooden 
barrels. 

Water-ClosetS should be of modem patterns, admitting of washing, 
flushing, and proper cleaning of walls and pans. The walls should be 
of oMuented tiles or lime-washed. The solution of acid permanganate 

• QjpnoadB, Psteat No. 8,m, 1886. t AustiB, Patent JSf^ 4^961, 188ff. 
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should be lued ooounooally to deanie the pans. Chloride of lime 
■honld not be vied, as it corrodes the metal fittings, snd has often 
oansed serious misohief bj eating holes in lead or iron siphon ttupB, 
Menmrio chloride also corrodes lead pipes. The flush of water at each 
using should be preferably 3 gallons. A yalve dos^ though rather 
expensive, seems to be the best form for indoor use. 

Earth-Closets are daily diminishing in number, owing to the fi&ct 
that the rapid and inoffensive removal of excreta is most economi- 
cally effected by the water-carriage system. The mass of water with 
which each excretal mass is mixed, the perpetual movement of water 
in the sewers, and the low temperature in them, are unfavounable 
to bacterial development. Pathogenic niicrol)es soon die in a nia.ss 
of water owing to their conflict with non-pathogenic microbes and 
perhaps also as the result of otlier unrecognised factors. The system 
is, however, objectionable, because of its fouling so large a mass of 
water. It is nevertheless a mistake to suppose that feces pollute 
sewage any more than any other waste matter discharged into the 
sewers. 

It was with the object of saving the manure, as well as the 
immediate disinfection of the fooes, that Moule, in 1863, intro- 
duced the earth-system of closets. Earth is popularly believed to 
be a universal disinfectant, yet it abounds . in microbes, some of 
which are pathogenio (KoA), Indeed the very nitrification, upon 
which the purifying action of earth is so largely dependent, is in 
great part due to the life and growth of microbes. The earth should 
be dried or, preferably, baked before using. In some districts this is 
done every day over the oven ; it could also be baked in larger 
quantities over a baker's oven or in a special furnace. So drie<l the 
earth is very absorbent, and instantly removes all odour when only 
a light covering is spread over the excrement. But its i ll't ctive 
use is ruined by the discharge of urine at the same time ; if this 
could be kept separate and used for agriculture, the process would 
be excellent. Unfortunately the manure is of hardly any value, 
on account of the rapid loss of ammonia. Dr. Holleston showed that 
as the earth became damp, this gas was evolved. Buocew depends 
more on the quality than on the quantity of earth. Sand and gravel 
are inert> chaUc feeble and dry day good, whilst garden soil, loam, and 
peat give the best resulto;* 2 lbs. of dried earth at least are required 
tat each evacuation. At Wimbledon camp in 1869, when 140 tons 
of dry earth were used in a fortnight for 30 tons of excreta the 
deodorisstion was completo.t Green and white moulds destroy the 
fioesl matter, and in 6 or 6 weeks it is undistinguishable ficom 
• BBchsBSBSBdBsddiff^ Aporfofl86». t loaeel^ July 21^ 186a 
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ordinary eArth, m tint it can be safely spread on gardeiks or on 
land, provided tliat it is ploughed or dug in. Although of so little 
aM&nrial Talne^ oontaining only about 0*1 per oent of nitrogen and 
0*5 per oentb of phosphoric aold, it has been found beneficial for 
soils. Although pathogenic organinns are not killed by the process, 
they do not in practice escape, and there is no record of epidemics- 
having been caused. For places without a copious water supply, this 
system is better than pai]s» and much superior to privies. Dr. Poors 
has recently advocated an narth system for niral sanitation. 

Tfm Gonx-T/iuhisnfi Method is a combination of the oarth and the 
pail systems. In an iron barrel with hanrUes a slightly conical core is 
held, and the intervening space packed with dry earth or a pulver- 
ulent disinfectant. When the core is withdrawn, a cavity of the same 
shape is left. These are carried round on a dray and left at the houses. 
At the end of a few days they are collected, shaken so as to cover the 
excreta with powder, and covered with an air-tight iron lid before 
removal They must be kept from the rain. There should be urinals 
in the neighbourhood, or a funnel can be amnged in the litnit part of 
the closet opening to collect the urine separately, so that the earth or 
powder is not wetted. This is an excellent mode of disinfection of 
fiscal matters, especially in sick rooms when the excreta must remain 
all night in the room. 

A 8Af4KiMiig Bairih4Jlotet has an upright box at the back containing 
the dry earth, Ac. By a rack-work and lever worked by a handle in 
the ordinary water-closet £uhion, a valve at the bottom of the box is 
opened, allowing a certain quantity of earth to fall on the fieces at 
each evacuation. The receptacle is a large ordinary zinc pail. Or the 
arrangement may be made automatic by a hinged seat. By Norris'a 
patent,* the solids are separated by a grating and mi.xed with earth, 
the liquid portions pjiss down the drain, whicli is ventilated by a 
current of fresh air and connected with an ordinary ventilating shaft. 

Pail System. — In villages and some towns on the Continent the 
excreta are discharged into pails, which are collected at night-time, 
and the contents, with or without a perfunctory disinfection, emptied 
into ditdies or pits, which when full are covered up wi^ earth. 
Vrom this primitive and dangerous practice, the material has come te 
be called nightHwil. Even this is, however, preferable to the old 
system still surviving in Rnglish country districts, and even improperly 
permitted in some towns (but not in London)— namely, that of 

MviM, wherein the fieces and urine fall into a brick well, which ia 
deared out at intervals. The soil is infiltrated, and the infected 
drainage has often penetrated for years into wells used for drinking 

• No. 20,788^ UOL 
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water, and lias been the eanae of epidemlos. At Boehdale 

an improved pail a^iteia ia giving good reaolta. The excreta and 
aahea are collected aeparatelj and the former eonverted into dry 
manure, wliilst the latter yielda fbel for a refine deatmctor and ateam 

production.* 

Cesspools can only be dealt with by pumping out the contents and 
distributing them over land. They cannot, obviously, be disinfected. 

S. von Gerloczy,t in an investigation of disinfectants at the Pesth 
Hygienic Institute, found that a practical disinfection of night-soil 
was all but impossible. Even 2^ per cent, of mercuric chloride was 
insufficient to render it germ-free (costing £9, 10s. per cubic yard). 
Complete disinfection resulted when 4 per cent, of cupric sulphate was 
used, but the cost of it would also be prohibitive. In sewage matter 
1 per mlUe of copper anlphate deetroyed all germa and rendered it 
dear and inodorous. 

According to the model bye-laws of the Local Ctovemment Board, 
the oconpier of any premises shall deanse every earth-doset on his 
premises^ or fixed receptade^ at least onoe every three months (this 
interval is firand snffident for ssnitary purposes, as under the proper 
use of dry earth the stools and even tiie paper become disintegrated 
and disappear without foetor in the conipost — Newsholme) ; those with 
a movable reoeptade at least onoe a week (so that the pails may be 
manageable during scavenging) ; privies and ashpits once a week ; and 
cesspools every three months ; and that between 6 Mid 8.30 a.nL in 
summer, and 7 and 9.30 a.m. in winter. 

One of the great dangers of leaving fsecal matter exposed is the 
visits of flies. The Ijacteria of tubercle, splenic fever, typhus, and 
European cliolera i)a83 through the digestive organs of flies, and re- 
appear ill their excrements with unabated virulence.]: They are also 
carried adhering to the feet and legs of these and other insects. A 
covering of chloride of lime or of a coal-tar powder has the merit of 
keeping them away. There ia a vast number of patents having finr 
their objeot the introduction of disinfeotants into the pan or into the 
flush water of olosets. Oskes of naphthalene, taUets of plaster of 
Paris mixed with manganate or permanganate sine sulphate^ thymol, 
Aec, are of little value. Antomatio distoibutoni designed to keep the 
drains flushed with liquid disinfectants g^ve better results. The 
construction of Jeyes' model is easily understood from the appended 
illustration. 

oontrivanoe is filled by removing the screw seen in the fronts 

* tToam. 8oe, Chm, /ad., 1895, p. MOl 

iDwUehe VUrtelJahresb. Off. Getund., 1889, p. 4SS. 
X O mOrMaU/, BaaerkL, 1888, vol iv., p. 486^ 
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then filling the receiver. After the screw has been tightly replaced, 
the machine is raised to a vertical position and suspended inside the 
water waste-preventor in the water-closet. On the water rising, the 
ball acts on the lever, moving the 
plug, which pressing into the well, 
as is seen in the figure, expels the 
fluid in the trough, which falls 
over the sides and mixes with the 
waste water. Each discharge of 
water from the cistern, followed by 
its refilling, automatically mixes a 
portion of the fluid with the water 
for use. Panario* and Skudderf 
have also invented similar con- 
trivances. In the latter the flush 
passes through a perforated tube 
containing the disinfectant in the 
upper portion. Similar devices for 
automatically discharging perman- 
ganate have been proposed (see 
under Cisterns^ p. 237). To con- 
tinually supply sufficient of a dis- 
infectant to a closet would, however, 
be very expensive. 

Sanitary officers must proceed 
with caution in disinfecting private 
dwellings, and must give proper 
notice, as it has been proved that 

an action for damages can be maintained unless the disinfection is 
legally carried out.{ 

Streets are watered and cleansed by the Vestries and Local Boards. 
It is important to remove refuse and animal excreta immediately, as the 
surface, even when paved, is porous, and the soil is a very favourable 
nidus for the growth of micro-organisms, which escape in the dust 
(p. 223). Mixing disinfectant-s with the water in the carts is of 
doubtful utility, as the chemical must be much diluted, and the area 
to be covered is often large. It is of course impossible to disinfect 
the open air. Such a procedure may perhaps offer a certain restraining 
influence on the microbes, but, as ordinarily done, it is often a waste 
of public money. The main work must be done in houses, and in 
narrow streets and courts. It would be better if these latter were 




Fig. 22. — Jeyea' Antonuitic Dis- 
infectant Distributor. 



♦ Patent No. 4,287, 1891. + Patent No. 10,301. 1885. 

X For particulars of such a case at Filey see Lancet, April 10, 1880. 
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ptv«d witk aspliAli «r lome similar non-porons xnateriaL An aq^balt 
Tpvrtmmt made properly is aseptic, and to a certain extent antiseptic. 
Tor disinfecting coorta and streets a distributor like Bishop's or tlie 
Eqvifex sprayers (p. 235) would be of service. TbB former consists 
of an ordinary rose-jet capable of attachment to an indiSffubber hose 
or to the cock of the water supply. A vessel at the side holds a 
supply of disinfectant, which is drawn through a tube into the current 
of water and ejected in spray throTic^^h the rose. By measuring the 
relative volatnes of water and disinfectant passing through in a given 
time and regulating the stopcocks, a perfect mixture in any required 
j)roportions can be delivered. It is usually made to work with 1 in 
40, 1 in SO, or 1 in 160, \>y marks on the top, which can h^^ sot by 
a key. Such an arrangement is also well adapted for urinals, shipi^ 
stables, »fcc. 

Corrosive di.sinlectants, such as acids or chloride of lime, could not 
be used with this apparatus. The most suitable would be one of the 
creeol or pine^ class (see p. 160 e$ §eq). 

Wood Paving, although it is cleaner tiian macadam, and leas danger- 
mis to horses than asphalt, has been seriously objected to for sanitary 
reascms by Mr. Isaacs.* The same view is taken by "Ntr, Morgan in 
a recent report to the Liverpool Engineering Society. As the Uodcs 
are almost non-porous, and do not readily decay, the objection to their 
use is not general ; no increase of illness in wood-paved as compared 
with other districts has been noticed. t A creosoted wood paving is 
now largely used. J. Tottrell X proposes to mix disinfectants, such as 
carbolic acid, carbolates, sulphites, or bleaching powder, with the 
ordinary cements employed in paving roads, basements, walls^ Ac 
The cost would be immense, and the utility seems doubtAil. 

Urinals require somewhat ditVer< nt treatment, on account of the 
deposit (contHiiiing Bactcrmm ureo and other organisms) which forms 
from th'e urine and promotes amraoniacal fermentation. Their sidos 
ehould be made of slate, or of enamelled, not painted, iron; then they 
can at intervals be washed down with a solution of sulphuric acid 
2^ per cent., and permanganate- 2 per cent.; this^ of course, must not 
be put into metal pails unless they are tarred. The sides have been 
■raaetimes ccmstmcted of glass, but they are too liable to fracture, and 
then the urine penetrates, and putrefies at the back. Well-tarred iron 
is the next best material, but is easfly scratdied, and then rusta into 
holes. 

One finrm of urinal-cakes consists of fulf^tes of copper, iron, sinc^ 
and soda, with some alum, heated witii resin, and prsssed. TkMj 

• 0. te. /aiftale, JoiMh 18M. t ZoaMl, Ja^, 18M. 

t PMwtKob 8,817, 18M. 
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absorb ammonia, andaro, of course, locally di.sinfi'ctant, but wouKl not 
supersede cleanliucss ami the process just mentioned. Naphthalene 
tablets are almost useless (p. 146). Disinfecting powders are only 
tomporavj in thdr Action. 

StaUee, pig-ttyoB, and cowsheds require to be regnkrlj cleaned, 
and to be periodically disinfected, like rooma, with removal of the 
animala, to prevent disease oocnrring. Some yarieties of antiseptio 
litter haye already been mentioned (p. 12). It is of little use to be 
psrpetoally deodorising with powders. Dryness, Tentilation, and 
cleanliness are better safeii^ards. 

For Cattle Markets and Fairs a crcsol disinfectant is probably the 
best. A description of the chief ones is given at p. 165. 

Slaughter-houses are particularly di£cult to disinfect on account of 
the large amount of albuminoid matters present. It lias already 1 eon 
noted that it is almost impossible to sterilise blood. ^Mercuric chloridtj 
cannot be used because of its action on albumen (p. 137). Phenol is 
inapplicable for the same reason. Copper sulphate is one of the most 
useful agents in these places. Chlorine antl sulphur ous acids are 
rarely to be reeoninieiuled. Cleanliness and rapid removal of ofTul arc 
the lirst considerations. Cuulillo and Barlow * subject the refuse to 
heat and destraotiye distillation. Wood charcoal only senres to 
deodorise, and does not destroy. Slanghter-honses for infected or 
suspected animals are nsnally situated near seaports, and reqnira 
special methods of isolation, and extra precautionary measures to be 
adopted. 

Bakehouses. — ^There has been much agitation lately with reibrenee 
to their insanitary condition. Under the Factory and Workshops 
Act, 1891, local authorities have power to act, but the recommenda> 
tions of the London County Oouncil on the bill of 1894 have not yet 

become law. 

Dairies and the Milk Trade will be alluded to under Food,^. 272. 

Pigeon and Fowl Houses, Rabbit Hutches, A'c, often become very 
offensive, and are dangerous breeding houses of disease. Legislation 
with reganl to them is diilicult and hazardous, but at least more 
attontifm should be given to .secure that, es|)ecia!ly in crowded 
neigh liourlioods, they are ke|)t in a sanitary condition. They should 
occasionally be disinfected with sulphurous acid, the animals beitig 
removed. Thi.s is only a j»artial precaution, as their feathers and hair 
are likely sources of infection. Some effect is produced by dusting 
them with flowers of sulphur. Poisonous disinfectants obyioosly cannot 
be used. 

Csftt, from their prowling habita, haye been proved to frequantly 

^PatMitKa 19,967, 1890. 
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cany infection, especially of diphtheria. Dogs are more easily kept 
dean. Bata, as eraniog from the sewers, and eren mice, are sonroes of 

iafecttOUS danger. 

Tthides^The following is from the Report qftkf Society o/Uedieal 
OJSeen qfSeallh, Nov. 19, 1888, on a commimicatioii addressed by 
the Commissioner of Police to the Metropolitan Sanitary Authorities. 
In oases of supposed infection, Sanitary Inspectors are authorised to 
disinfret without charge, and give a certificate. "I hereby certify 
that cab . . . has been this day disinfected by me after the manner 
prescribed by the Medical Officer of Health. Signed , . 

The cushions, and as much of the internal fittings as are movable, 
should be taken out and put in a disinfecting oven, where such is 
available. If not, they are well beaten and dusted, returned, and 
placed on end so as to expose both surfaces to ciisinfcction. All 
exposed woodwork is waslicd with carbolic soap, and carbolated oil is 
smeared over metal work with the view of disinfecting it and also 
protecting it from chlorine. The chlorine is evolved inside (see p. 57), 
and the vehicle shut and left so for an hour. 

A process was patented for enclosing vehicles in a kind of chamber 
made of tarpaulin, and then injecting uteam or disinfecting spray, but 
it does not seem to have come into use, being cambrous and expensive.* 

Skins, tm, wool, and hair are constant sources of infection. Wool- 
sorter's disease, anthrax, charbon, and splenic fever, was many years 
ago proved by Pasteur to be due to Sadtttu anihraeu, Macbinee are 
now devised for carrying the dust away by fans, and for disinfecting 
by steam ; the trouble is, that the vool will not bear a tmnperature 
sufficient to kill the anthrax spores, which are, moreover, very highly 
resistant to chemical agents (see Mercuric chloride^ p. 136). So that 
the only means practicable are cleanliness on the part of the workmen 
and the use of fans. Arsenic is used in the preparation of furs and 
skins, but of the chemical disinfectants, formalin seems to be the 
most 8uit<il)le for general disinfection of such articles. 

Rags are exceedingly dangerous, because they often come from fever- 
stricken districts, and convey bacteria as well as vermin. Their 
importation in cholera times is generally prohibited, but as they carry 
other diseases besides cholera, they are at all times to be regarded 
witii auqikioii. It is difficult for steam or heat to patetmte the tight 
bales Into which they are compressed by hydraulic pressure. 

Plsrker and Blaekmaat force hollow screws into the bales by means 
of suitaUe machinery, and then introduce a disinfectant through the 
•crews, and afterwards air, which displaces any noxious smell. Thia 
apparatus ia used in America. An improved process has been deviaed 
• Patent No. 5,434, 188S. t Fatnt Ka 19,999, 198L 



Digitized by Goo^Ie 



PRACTICAL METHODS. 



S45 



by Fiikteo and Itaiiiom.* Oookal perforated pipes are ilrgfc dviTea into 
the bales, and then hot air is Ibioed into the bales to heat the interior 
and prevent the steam vhieh is snbsequently introdnoed from con- 
densing. Steam at 10 to 85 lbs. to the square ineh is then forced in 
fx fifteen to twenty minutes, snooeeded by hot air for ten minutes to 
remoTe m<nBture, and cold air finr about the same time to finally cool 
the mass. It is adapted for cotton and textile goods as well as rags. 
The disinfection of rags is now necessary tinder the new Act of the 
United States Legialature. All rags used for paper>making most, 
prior to shipment, be disinfected by one of the following methods 
First, boiling the unbaled rags in water for half an hour ; second, expos- 
ing them to the action of steam between 100° C. and 115° C. for a similar 
period ; third, exposing them for six hours in an atmosphere of sulphur 
dioxide, made by burning 3 lbs. of suljihur to every 1000 cubic feet of 
space; fourth, exposing them six liours in an atmosphere containing 
3 per cent, sulphur dioxide gas liberated from liquid sulphur dioxide. 
By the third and fourth methods the rags must not occupy more than 
50 per cent, of the total onbic space. 

Sirinltotioii of Air. — ^This is impossible except in confined spaces. 
The germs of cholera and of a large number of other diBtianfm are 
known not to be carried by air, as an exposure to free oxidation in the 
atmosphere (possibly to osone in addition to common oi^gen) and to 
light soon deetrcys the minority of bacteria. In still air the organisms 
sooner or later settle, especially if the air is damp and the walls aro 
moist. The number of microbes is least in pure external air. It is 
greatest in places where the population is dense and the ventilation 
defective. In inhabited houses the impurity is due to the products of 
combustion and respiration. S. Merkel t states that air expired from 
man and from animals even in a good state of health contains a minute 
quantity of a volatile organic base, poisonous in a free state, but losing 
its toxic effect when combined with acids. Brown Sequard, Arsonval, 
and Wurtz $ found that (a) vapour expired is alkaline ; (6) its toxicity 
is not destroyed by heating in a closed retort ; hence they conclude 
that the " esprit de corps" as it has been facetiously termed, has the 
characters of an alkaloid. Animals confined in a space from which 
the carbonic acid produced by respiration is continually removed die 
long before the oxygen is oonsumed, although nitrogen is not poisonous. 

In inhaUted districts the air contains, in addition to miero-organisms, 
fragments'of carbon, of hairs, fibres of tissues, particles of starch, pollen 
granules, epitiielium, fta These can be removed by filtration tfaowugh 
cotton wool, also in great part by passage over damp surfitces, or by 

• Patent No. 7,735, 1894. t Archiv. f. Hyg.^ voL xv., p. 1. 

% Aatd, da Sekne^ Jan., 1888. 
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salwiidenoe. Breath is ordinarily free from mierobee, and sewer gsa 
oontains exceedingly few. In both these cases the freedom from 
germs is due to the subsidence on the damp sur&oes present. 

ProC Elebs remarks* that the cause of malaria is probably a specific 
otganism. From the air of tn^i^tyia.! districts aspirated throng suit- 
able apparatus he obtained organisms about 0*95 micro-millimetre in 
diameter, capable of producing malarial fever on inoculation. He 
proposes the name Baeilhu nuUarim for them. They are developed in 
the presence of free oxygen, hence are aerobic. The subject lias been 
more recently studied at some length by North. In atidition to the 
apparatus for the disinfection f)f nir alro.uly alludcxl to, there are a 
very largo number of other iaventious, of which the following is a 
summary : — 

For Seicer Gas. — Keelin's apparatus : the air is passed thn)Ugh gas 
furnaces. t liecent experiments with refuse destructors have, however, 
established the fact that, although a comparatively low temperature is 
sufficient for killing micro-organisms, a temperature of at least 1250*F. 
is Msmitisl fof entirely destroying any noidous vapours. 

F<ycnMra— 1. In M. Godin's vaporiser the fluids are poured on a 
porous stone on a stand heated by a lamp.^ 

S. An inlet ventilator in the wall of a room 6 ft from the ground; 
the air entering horisontally is deflected through a short tube into 
a well oontaining a diunfrctant; and the charged air then passes 
upwards into the room*§ 

3. Strips of linen are stretched on a series of frames radiating from 
a central hinge, and are syringed with a disinfectant (or it is simply 
poured on them) so as to expose a laige sur&oe. The whole apparatus 
is enclosed in a case for carriage.j| 

•1. Barlow's exhausting ventilator IT is similar, but contains filters of 
antis('j)tic wadding, and heating chambers for sterilisiag the air at 
the outlets. 

5. Bristow Hunt draws the ventilated air through a eoil heated 
by an ordinary stove. This apparatus is recommended for sewers, 
cesspools, holds of vesselti, (jl:c., but is open to the following objec- 
tions : — (a) If the air passes rapidly, there is danger that the central 
parts of the current will pass without being sterilised, on account cf 
the bad conducting qualities of air; (6) the air so treated is rendered 
unfit to breathe ; (c) the coils, if narrow, become clogged and coated ; 
(d) they are uncertain in action, dqtending on the working of the 

• Aui delta li. Acad, dti Linceif voL viL, 1879. 

t Lanctt, vol. i., p. 486. X Chtm. and Drug., voL xxv., 89. 

I BriL Med. Jomrm., 1880, vol xL, p. 771. II Laneei, 1880, voL xL, p. 121. 
IT Fataat No. 101, 1878. ** Fitaat No. 1,821, 1878. 
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flIoTe; (4) if macle of firebrick floM or fiioolaj tnboii laitiwijl «£ 
they am mnly broken in stoking^ etiiring, or deMui^; (/) ibef fawve 
been known to cause fires bj pttMong netr woodwork. Neverllielflei^ 
a method of this kind is cleaner, cheaper, and more offieotnai than 

any chemical diainfection for constant use. 

6. Water or a disinfecting fluid flows in a thin film over rods or 
metal-gauze tubes into a lower receiving tank from which the liquid 
is pumpo<I up ac^aiii into an uppor receptacle. The air to be purified 
is guided by louvre jil.ites or shutters over the wet surface.* 

7. J. S. Mur t draws the air through revolviug drums with opposing 
slots, dipping into disinfecting fluid. 

8. J. F. John5?on I proposes to use a rapidly revolving fan which, by- 
means of peculiar paddles, disperses the disinfectant as spray through 
the current of air. This is a good apparatus where the motive power 
can be obtained. 

9. 0. 0. Leathers} also by means of a fiu draws air through sawdust^ 
tow, Ac, impregnated with disinfectant. 

10. W. H. Spenoer II soggeati the use of an open water-bath canyittg 
a poroelain pan oontaioing euoalyptos or other oils which is heated 
bj a hmp nndemeaUi, and adjnstable as to height aboye the flame. 

11. Mr. W. Key's screen IT is formed by stretching thousands of cords 
of mutable material from ceiling to floor, interlaced with horizontal 
copper wires stretched tight so as to form a flat surface like coarse 
doth. Water tridding down washes the air which passes through the 
minute holes in the screen. Experiments done in a dense fog showed 
that no fog pa-sses througli, and that the air thus purified is briglit, 
clear, and free from txlour. In the case of dust the results were not 
so satisfactory. A non-corrosive disinfectant or deodoriser could be 
added to the water. Tf all the air could be made to pass through 
such screens in suihciont volume, it would probably be one of the best 
methods. 

12. Kingzett ** suggests a wick with one end embedded in a ^lock 
of phMtor or other abaorboit labatance, the other dipping into * 
l o eef f uii ' of a diainlbotant so tha* the evaporating sntfiice is increaaad. 
Thia device is also suggested as a means of supplying liquids to 
soigioal dressings or bandages. 

Water ibr drinking and eooking is in London and several large 
towns anpplied of very indifforent quality. As obtained firam deep 
wells it haa been naturally filtered, is firee from gems, and almost 



* J. Stanley, Patent No. 3^705, 1880. 



t Patent No. 2.7S1. 1883. 
% Patent Md S2»253, 1881. 
t JTyyime, Msy 13, 1883. 



tPktentKo, 5,379, 1883. 
yPsteatKo. 8,889, 1881. 
•tfMsntK0bS»88Q^18a8. 
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dermd of orgaaio aitrogenoin matter (which hai been gxidiied into 
nitntn)^ but is of considerable bardneM. Kiver water is stored in 
•ettling tanks, where, by oxidation and subsidence, the miorobes are 
mostly removed (see p. 15); then it ia filtered by two methods — 

(1) Natural filtration ; large reservoirs are dug parallel with the 
banks of the river, being filtered through the ground in transit. 

(2) Artificial filter beds, composed of layers of sand, gravel, and stones, 
through which the water passes into the mains. In most districts it 
is intermittently delivered into house cisterns ; some have a constant 
supply (see p. 237). 




fig. 28.— Ihe EqxiAai Witor Haat^liiilinr* 

Oeeaiicnelly the water sappUed is tnrbid, ihowing that the filter- 
bedf are not acting properly; it alwaya contains mioro-organismB, 
greatly reduced in number, and nsnaUy nen^pathogenic. It may also 
be contaminated on its way to the consumer, firom die groond tfannigh 
leaky joints in the pipes (eren fall pipes carrying a current of water 
will draw in snrfiMc drainage from the soil) or from the atmosphere 
in the cisterns. Absolnte safety can only be attained by boiling^ or 
by filtration through a Pasteur-Chamberland filter. A temperature 
of 100** 0. does not kill all the germs {TyndcUl, Koch, and others) 
unless continued for a long time; hence it has been proposed to 
sterilise water by heating under pressure.* 

* Soci€t€ Geneste, Hencher & Co., Paris. J. Y. JoIiiHWi*s latent KCb 8;0ffl» 
Feb., 1891. Abo /. Soe, Chm, JmU, May 31, 1892. 
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Under the name of Bn^iifry water heat-sterilisers, the Geneste- 
Herscher patent has been recently introduced into this country. It 
is shown in Fig. 23, and continuously sterilises water, and cannot 
work unless the temperature for which it is Mt is applied for the 

necessary time. 

This control is efiectcd by means of a valve which only lifts und 
permits the passage of sterilised water at the necessary prossure and 
temperature. The sterilising vessel is kept for fifteen minutes at the 
required temperature, and by means of a cock the discharge pipe is 
then opened. The capacity of the sterilising vessel and its discharge 
orifice, and the pressure for which the safety valve is set, determine 
the miniTiwim time in which the vessel can empty itself; and the 
control TalTe enBuree that no part of this time cen he oocapied in 
pMsing water below the denied temperatare. 

By allowing the sterilised water to heat the incoming water, 
economy is effected, and the sterilised water may be deliyered within 
2* to 3* G. of the tempeiature of the service water. The high pressure 
at the same time prevents the loss of dissolved gases, except in so &r 
as th^ re4Mt with dissolved oiganic matter on the water, and reduces 
to some extent the precipitation of dissolved salts. The sterilised 
water is passed through sand, and is discbaiged from the apparatus 
oool. The course taken by the water is shown in the diagram, in 
which the feathered arrows represent sterilised, and the others un- 
sterilised, water. 

The form shown in the diagram is that of an apparatus used in the 
operating rooms of hospitals, and supplying about 8 gallons cold and 
8 gallons hot sterilised water per hour. When heated by gas it 
consumes about 45 cubic feet of gas per hour. 

Kuhn of Paris uses a similar sterilising plant for beer and other 
organic liquids.* 

Boiled water is not paktaUe; filtration afterwards aSrates it and 
r es t ore s the proper taste ; hence^ as it is proved that boiling does not 
completely sterilise^ bdling first and filtration afterwards throngh a 
good and clean filter may be recommended. Water after baling mnst 
be kept in very clean vessels, and should not be exposed to air long 
hefbre drinking, as the multiplication of bacteria goes on &r more 
ispdly even than in unboiled water.f Boiled water may be artificially 
aSiated with carbonic acid in a gaaogene apparatus. Dr. Altehoefer's 
suggestions as to the use of hydrogen peroxide have been already referred 
to (p. 85). Water in cisterns with constant supply lying stagnant 
while families are away for tiie holidays may be a source of danger. 

*J<mm. 8oc. Chem. Ind., 1894, p. 1133. 

t Hiqud, Jno/yM BaeUriol. da Eomx, Fari% im, ^ 146. 
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The reoeat report of the Boyal Oomminioa oa Hetrapc^tea Water 
Supply (1893) has drawn attentum to the present nneatiBft etory natnre 
of oar haeteriological knowledge of lirer waters. Although tihere are 
abundant opportunity for pathogenic organisms to enter the Thames, 

hitherto investigators have &iled to delect their presence in the water 
supplied by the London companies. This result may be partially due 
to the filtration wliich the water receives, but is probably mainly to 
be attributed to their rapid attenuation and death when introduced 
into a river water containing numerous non pathogenic organisms. 
It must not, however, be forgotten that the fate of these pathogenic 
organisms has not been properly studied, and it is quite possible that 
they may be jiresent in such filtered water in a moditied form, and 
capable of giving rise to the original pathogenic forms so soon as they 
arc brought into a suitable medium. It seems, therefore, essential 
that adequate precautionary methods of boiling and filtration should 
be adopted by householders in towns possessing a river-water supply, 
especially in warm weather and when there are any indications of 
epidemic disease. 

Preservation of Timber.— Although not strictly hygienic, attention 
may he drawn to the use of antiseptics for preyentang the decay of 
wood. Two methods are in use : in the firsts hydraulic pvessare is 
employed for injecting the presenratiTe liquid into the lower end of 
the log] in the second, the liquid is drawn in hy vacuum pumps at 
the upper end, the logs being ■ Micased at the end by india-rubber or 
leather. These processes equally saturate the tissues, if thoroughly 
carrier! out, with the antiseptic, and prevent the penetration of the 
disintegrating mycelium of fungi such as Mertilius lachrymans (dry 
rot). The first method is the quicker. Either of them presupposes 
the driving or sucking out of the natural juices, and replacement of 
them by the antiseptic solution. Both of them are analogous to the 
injection of corpses by preservatives. 

Coppf'T SiiljJiate (Kyanizing) was the earliest agent used, and is .stiil 
found eliecLual, although the corrosion by galvanic action of any iron 
nails, screws, or bolts embedded in the wood is a serious disadvantage. 
Mercuric chloride is precluded by the eaqpense. 

CretmU Oih are now commonly used. WeU-seasoned timber is 
placed in a Teasel so constructed tiiat a more or less perfect Taeuiun 
«an be obtained by an air-pump. The creosote oil, previously heated 
from 35* to 50* C, is allowed to enter the exhausted reoeiyer, and pres- 
sure is then applied by pumps in order to effect the better penetiatio& of 
the antiseptic fluid. In 3. B. BonltOn't Improved process, the ezhana- 
tion is continued after the entrance of the creosote, which is heated to 
a temperature somewhat above 100* 0. By this method the moisture 
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contained in the poies of tbe irood is voUtiliied and removed by the 
pomp, and the oil sabeeqnently penetrates the wood Toiy thoroughly. 
A great advantage of this process is that wet timber can be at once 
treated without being prerionsly seasoned. The amount of oreosote 
oil takm up by the timber varies considerably, but is usually aboat 
1 gallon per cubic foot of wood. The smell of creosote oil is much 
disliked by the lower animals (white ants, Jcc), while certain of the 
constituents have a powrrful antiseptic action. S. B. Boulton and 
Coisno, on behalf of the lielgian Uovernment, have proved that in the 
course of a few years the tar-acids (i)lienol, itc.) in railway sleepers, A'c, 
completely disappear by dissolving and by volatilisation, whereas the 
semi-s<^)lid constituents, such as naphthalene, and tlio liiglier boiling 
oils (above 315^ C.) ix inained, and could j>reserve the wood for sixteen 
to thirty-two years.* Hence the phenoloid bodies of high boiling 
point and slight solubility are probably of more value for creosoting 
timber than carbolie or eresjrlio acids themselves. But the Jower 
phenols are doubtless of value in coagulating the organio matter 
present in the sap, and should be present in creosote oils in sufficient 
quantity to effect this. 

* Allen's Commercial Org. AncUy$is, 1S$6, vol. xL, p. 552; ii. B. BooltoD, Proc. 
hut. Oh, BngkMtn, May, 1884. 
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CHAPTER XIII. 

FBBSOlTAIi JlVD IHTEBNAL DISINnCTIOlT— 
FOOD FBBBEBVATIOir. 

Personal Disinfection : Sachets and Lockets practically useless — Cleanaing the 
Hands — Soloids — Gloves — Caustics — Snake-Bites — Burns and Scalds. Diatn* 
feotion of CavltieB of the Body : (a) By Washing out— (6) By Spray— <e) 
Qur^m—id) lajeolioM of Ohh or Ytfuan—ie) Tnhriailiniii. Antiaeptlo 
DiMiliigi: SntfAocarboIate of SSno— Salnfar Oobn 8o b J Qnam tad 
Wools — Antiseptic Paper —Rinsing Surgical Instruments. Hypodermic In- 
jections. Antiseptic Soaps : Mouth Washes — Ointments. Respirators : 
"Sanitary Wool" Clothing. Internal Disinfection: Charcoal — Sodium 
mlphethylate— Chloriiutod Sod*— Oxygen— Sulphides. Internal Antisepsis : 
Phenol— Crensete Ksiwitisl Oib— Ifinerd W»ten— Adds— Salpburio Lsm- 
ooade— The Vienna Mixture— Betol, ftc.— Quinbe— Benzoeol— Phenosalyl— 
Vaccination. Prkservation of Food: Causes of Change in Foods— (1) 
Oxidation — (2) Keduction — (3) Metallic Contamination — (4) Organisms — 
Methods of Exdosion of the Latter — Drying— Smoking— Necessity <rf Pn^er 
Cooking— Curing by Wood ^Vinegar— Banger of Pdaoning by Stale Vish. 
Infection by Milk: Tyrotozioon in Cheese, Milk, &c.— Infection of Food 
by Bacteria in Air— Precautions. Preservation by Cold : Does not Kill all 
Bacteria— Downward Draught — Methods of Freezing Meat — Large Kefriger- 
•ton— Uydrocvboiic System. Fresenration by Ghemicali : Not Saooessfol 
— Solphitei, fte. Pr e se r f a tloa by Heat : Canning Prooeosee— L Chloride of 
Calcium Process — II, Aberdeen Process — III. Jones' Vacuum Process — IV. 
Salzer*8 Baltimore Process — V. Budenberg's Steriliser — VI. Hartmann's 
Method. Milk: A Common Vchiclo for Contagion— Precautions — Heating 
ondtf Pkeaore— PreservAtiTes. Condensed MUk : The Anglo-Swiss (Borden) 
ProocBs H oekert Cream Milk— Oo n demed Beer. Butter t Condttiosis tfect' 
ing Rancidity. Cheese : Aseptic Wrappers— PioUing and Clwuising Grain. 
Bread: A Means of carrying Infection. 

FEB80NAL DIBHTTBOTIOK. 

Thk "last lino of defence" includes the precautions taken by the 
private individual. These may be considered to include cleanliness of 
the home, deanliiiess of the person, and purification of the clothing. 
The first and third have been discnssed, and it has already been 
pointed cat that individnal immunity cannot be ensured by earrying 
about the person eamphor, aromatie vinegar, eucalyptus or other 
chemical snbatances, which in former times found &Tour as charms, 
since these agents cannot reach an effective proportion in the atmo- 
sphere. Kany devices of UtUe value have^ however, been patented 
fsr personal protection in even recent yean. TkoM Woodthofpe nad 
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others * suggest ml iiiganiimi arnuigemeiit like a rmMnXf vitii » 
sliding perfontted cue, to be kept in the pocket, and a miztQie of 
bian 4 ovnoes, oamplior 1 oonoe, eucalyptus oil 2 dnduns, hydro- 
naphthol 1 dndiiD, cwried in a linen ssi^ has been serioosly 
recommended to ensure wearers against infection in houses. 

In feyer cesei it is now genecally onstomary to stenlise the hands 
hy washing in a 1 per mille solution of mercuric chloride with a little 
salt and hydrochloric acid (p. 138), and rinsing them with plain water 
before washing with soap. In cases of very great danger the clothes 
are afterwards disinfected by steam. Notwithstanding the fiMit that 
many other antiseptics have been proposed for the hands, mercuric 
chloride seems still t<> be the best. A few ounces are quite sufficient, 
and should not be diluted beyond 1 in 1,000. Tlie sanie solution 
should also bo used by nurses and attendants when leaving the room ; 
a convenient way of preparing the solution is to dissolve one "soloid" 
in a pint of water, talking care to stir well till all has dissolved. One 
of the soloids in a pint of water makes a 1 in 1,000 solution. They 
are characteristically coloured and shaped to avoid mistakes. In- 
fectious matter is partaonlarly liaUe to remain under the nails. 

It is well known that any eat or abfasion of the skin when handling 
septic matter inevitably oansee blood-poisoning, which, if not &tal, 
leaves dangerous after>el&ot8 ; also that specifio diseases can be inocu- 
lated in the same way. Waterproof gloves are manufeetared for 
operations involving such risk, but as they very muoh deaden the 
delicai^ of touch, they are seldom used. If a cut or wound has been 
accidentally produoed, cauterising with nitrate of silver, nitric acid, 
phenol, permanganate, or osmic acid is frequently recommended, but the 
eschar left is often very painful and troublesome to heal, besides not 
being thoroughly safe against inoculation. Covering with lead or court 
plaster, or with collodion ; painting with iodine or iodoform tincture ; 
thoroughly drying the cut and painting with a solution of Stockholm 
tar or Burgundy pitch in alcohol, ether, or acetone, are among the 
other treatments suggested. None of these methods give absolute 
immunity, so that, in ca.su of accidental puncture during a poU-mortem 
or operation, or iu handling contagious matter such iis dead meat, 
skins, or evacuations, it is probably safest to wash immediately with 
mercuric chloride, dry, and at once .oaaterise^ and thus oomMne the 
two preoantionary measures. When, nnfortonately, the abrarion has 
not been noticed at the time, this treatment should still beieaoited to. 
Afterwards, hypodermie injections of an antisqitie have been recom- 
mended, and dnnamio add, styrol, phenyl-propionio add, jS-naphthol, 
and betol are used Ibr this purpose; phenol or any other reagent 

•PMaitNo.2;77Q,UM. 
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irhieh ooagulatot the blood is of ooone inapplicable. For ordinaiy 
bites a&d scratches similar treatment may be adopted ; the part should 
be afterwards protected by antiseptic gauze or wadding, iodoform 
powder, or, iSuling these, by lead plaster, an ointment, or flour pastes 

Snake-bites are oonsidered to owe thor Timlence to an ill-defined 
poison of an albuminoid nature (a " leucomaine/' Selmi and others), 
or to the crystalline cobric acid of Blyth. Filtration, which removes 
micro-organisms, does not affect the potency of snake-Tenom. Hypo> 
dermic injections of (lilutcd ammonia, after sucking out the poison 
(it is almost inort internally), seems the best remedial treatment. 
Burns and scalds are lial)lo to septic poisoning if the epidermis is 
broken, so that they ;ilso shouhl be protectcfi, but not cauterised. 
Was{)-stings and insect-bites have caused death. The best remedies 
are liquor jjlurabi siibacetatis (p. 134) or Goulard's extract, and the 
old-fashioned hait shorn and oil. 

Disinfection of Cavities of the Body. — Cavities of the body, such as 
the lungs, larynx, nasal passages, throat, urethra, bladder, and uterus, 
are peculiarly liable to the attacks of mierobe^ causing inflammatoiy 
and purulent conditions, and even absorption and speeiflc diseases. 
SoToral modes of treatment are in use, and have been several times 
alluded to in the diemical section. They may be thus summarised : — 

(a) WaMtg out by inflow and outflow tubes with lukewarm water, 
then with a weak solution of an antiseptici which should not be <me 
with a strongly poisonous action on the sjrstem. Phenol, rea(ncin, 
and mercuric chloride have been absorbed with dangerous, and even 
&tal, effects. Iodine is very irritant lodol has been recommmided, 
likewise betol and phenyl-propionic acid.* Salicylic acid is dangerous, 
irritant, and not effective. A solution of silver nitrate in distilled 
water has })een tried witli great success: the objection to it is that if 
•weak (1 in 1,000; it is almost wliolly precipitated by the chloride of 
sodium in the fluids of tlie body, and if stronger (1 in 200) it has on 
some occasions caused sloughing. Sulphocarbolate of zinc, 1 in 1,000, 
has the advantage of being mildly astringent, and seems to be safe. 
A sulphocresylate would probably be still safer, and is a stronger 
antiseptic Alumnol (p. 17U) is a useful and powerful astringentb 
Glycerine is irritant to mucous membranes, bat it is usefiil when it is 
necessary to keep sur&ces moists On boric solutions see p. 101. A 
number of the newer antiseptics are advocated for this special branch 
of antisepsia^ but they await more extended and impartial suigieal 
trials, as many ci the earlier statements have not been verified by 
recent experiments. 

(6) Sprojfinff, — ^Any of the former may be used in the form of spray, 
• Klda, in StiTwsoBand Marflij'sirfyieiie, p. 901. 
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ihit adT»atagM being tliat gtren ger ■olntioni maj be naed, that only 
the affected peits ere treated, that the irritating and depreseant action 
of large Tolnmes of water are avoided, that a local refirigerant effect 
maj with aafetj )»e produced, that much leea of the medicament is 
reqniredy and that the action can be watched, and the proceae repeated 
with frdlity and without shook. The Taiioos spray-prodncera nearlj 
all act on the same principle ; a current of air ia blown by an india* 
rubber ball, with a second ball to render the blast steady, across the 
narrowed orifice of a vertical tube dipping into the liquid in the bottle. 
The strength and fineness of the spray are regulated by the relative 
size and position of the orifices, and the amount of liquid delivered is 
known by the ji^duations on the bottle. The use of chlorine water, 
with or witliout cocaine hydrochlorido, has already been alluded to 
(p. 59), and boric sprays are frequently used for the throat. Solutions 
in ether were reconmiended by Pliilip Sterne, as far hack as 1707,* 
as antiseptic spray. Sprays are much used in Vienna on the grouml 
that they more easily penetrate parts covered with hair — e.<j., mercuric 
chloride, 1 to 2 per cent., for mucous membranes, and chrysarobin, 
10 per cent, for mycoeia of the aldn.t In hooping-cough, 2 per cent, 
resordnol in water, sprayed on the noae, pharynx, and larynx evety 
two honn^ ia aaid to give speedy rdiefl 

(«) Gan^et are a form of waahing out only applicable to the throat 
Honey and borax, tannin, and alum have been uaed from time im- 
memorial. This method ia easily need by unskilled peraona, but ia 
inferior to that of spray, as there is no certainty that the parts affected 
will be reached. It is evident that no drug which wiU be pciaonous 
if swallowed can be employed. 

{d) Injectiojis of Gases or Vapours. — It is a familiar fact that if 
an alxloniinil cavity 1)0 wounde<l, septic poisoiiiii*:^ and peritonitis is 
ahno.st certain to supiTveue, and that washing out may be dangerous, 
owing to the intense irritation, and may even cause tlie above 
disastrous result. In these cases spraying is also interdicted. Life 
luLS frequently been saved by gaseous injections, and sulphur clioxido 
seems to be the best remedy to employ. Tliis is most readily obtained 
by blowing a current of air through a tube coniuiuing some fragments 
of sulphur, and allowing the gas produced to enter the cavity. The 
part of the tube containing &e aulphur ia heated by a spirit lamp, 
taking care that the end of the tube ta cooL Blowing air through 
a aatozated aolution of aulphurona add or through a mixture of a 
sulphite with add ia inferior to the above^ as the quantity delivered 
ia uncertain. laqnefied aulphuroua add from a Boakea* bottle cannot 
be used for this purpose, as the cold produced is intense and would 
* Adviee to the Oommmptwe, t PAona. Joum,, voL xzL, p. 1040. 
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prodnoe shock. Unfoiiuiuktely sulphnioiis add, hj being afasoHied 
into the system, » reeorded to have prodneed &tel eflfects in one or 
two eases. Baxter experimented speoiaU j on its effect on the Tims 
of peritonitis* with &Tonrable results. CSdorine, bromine, and iodine 
Tapoiirs are irritant and dangerous. Many others, such as chloroform, 
ether, phenol, &c., are excluded by their narcotic action. Iodoform 
Tapour has caused poisonous effects. Carbonic acid is verj soothing, 
and rapidly subdues inflammation, but for this purpose the gas must 
be thoroughly washed. It is only a feeble antiseptic, but would be a 
better medium for other antiseptics, such as eucalyptol, than air. 

(e) I nhalations. — Chloride of ammonium is beneficial in bronchitis 
and asthma. The simple breathing of the vapour of vinegar and hot 
■water also gives relief Koch proved that a number of essential oils 
when inhaled with steam are inhibitory to tubercle.f 

Antiseptic Dressings usually include cotton -wool, wood-wool, or 
gauze, which act as germ excluders; they are [kept moist with 
diluted soda dilorinata (p. 63), or with borio acid solution (p. 99) ; 
sometimes phenol 2\ per cent., or merenrie ehkiride 1 in 1,000, are 
used, but they are liable to produce ill e£focts on absoiption. A large 
number of other preparations have been ahready described in the 
chemical section. Sulphocarbolate of sine is one of the best. There 
is a great advantage in changing the agent every few days ; even the 
most innocuous are liable to beomne irritating if continuously used. 
Diluted cresol and Sanitas fluid are useful in rotation with boric and 
with chlorinated lotions. Glycerine is objectionable. Saiufer cubes 
(see Silici^htoHdtt p. 79) are portable and oonyenient. One cube 
dissolved in a quart of water is used for dressings, or with a pint of 
water for washing the hands. Sozal, aluminium sulphocarbolate, is a 
strong astringent and antiseptic lotion (p. 158). Diapbtherin (p. 193) 
in I per cent, solution has been much used in Germany. Tichbome 
recoHi mends | zinc sulphite as non-poisonous and not irritating. 

Gauzes arid Wools are described under iodoform, V)oric, and salicylic 
acids, and zinc-mercuric cyanide (p. 142). Hydronaphtbol gauze (p. 1 79) 
has recently been much praised. Salicylic gauze is irritating. Thymol 
or eucalyptus gauze would seem to be tiie best and saftst Benioftted 
gauze, 5 per cent, has also hem, recommended. 

Mr. Duquaare, of Lyons, has invented an ingenious antiseptic paper. 
The material is asbestos with about 6 per cent, of ordinary paper pulp, 
worked into soft paper and soaked in a petroleum-benxene solution of 
beeswax. The solvent having been evaporated off in the open air, tho 

* Appendix to the Jteport qfMed. Off, o/tki Privy Couitci/, 1875. 
t ManhsU Ward, •Toiini. Soe. Ch$m, Ind,, 1808, p. MS. 
t BrU, M»d. /Mra., 1800^ p. 1084. 
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tUNie is reftdy for ofe. When required it is set on fire^ and is ao 
made aseptic, and may be employed at once £»r dressing wounds.* 

Unfortunately many of the antiseptic wools and dressings met with 

commercially are of uncertain composition, and insuffictont attention 
has hitherto been paid to the importance of storing these articles in 
such a way that the antiseptic present shall not be volatilised. 

In France tbeir sale, except by duly qualified pharmacists, is for- 
bidden, but the question does not seem to have been discussed in 
England. 

burgicai instruments must be rinsed in a disinfectant which does 
not corrode steel ; the Tarions cresol preparations are much used for 
this purpose. Those that tnm torind with irater have the dissdvan- 
tage that the instninients oannot be so well seen (see p. 1 63). A good 
preparation seems to be potassio-meroario iodide^ 1 in 4,000, or two of 
the soloids to a pint^ ibr hands or instmrnents. 

AntiMptlo Hjpodeniiie Iqjeetlfliii.— Sereral of these have been 
mueh emidojed recently in SVanoe^ particularly finr phthina; the 
basis is olive oil, and all the ingredients are cavefblly steriliaed by 
heating to 120* 0. 

Picot uses guaiacol 5, iodoform 1, olive oil to 100 ; Morel-Lavall6es' 
solution consists of eacalyptol 12, guaiacol 5, iodoton 4, olive oil 
to 100. 

Also solutions in olive oil of creosote 1 in 15, and eacalyptol 2 to 

4 in 10 have been suggested.! 

A number of mercurial compounds are used specially in syphi- 
litic affections. They have been already enumerated and described 
(p. 143). 

Antiseptic Soaps. — The incorporation of a suitable antiseptic with 
soap has long been recommended by medical men as being a oon- 
vwnient method fi>r ensnzing a rsgnlar me of an antiseptio. Ooal tar 
was one of the earliest materials used in this manner, and coal-tar 
soaps, containing^ however, mainly the phenoloid derivatiTesof tar, are 
frequently employed. At the present time many other bodies are 
utilised. The Sanitas Company since 1888 hare inooiporated their 
*' Banitas fluid " with an ordinary soap^ and advocate this preparation 
ibr a Tariety of uses. These soaps are prepared as follows : — ^Resin or 
crude turpentine is dissolved in alcohol, and sufficient potash added 
to saponify the resin, and to leave an excess to combine with some 
fatty acid which is subsequently added in alcoholic solution. Soap^ 
essential oils, or any disinfectant can also be added at the same tim^ 
and the alcohol recovered for a second operation* 

♦ Chem. and Drug., 1890, p. 36. 

t Yicsno, Anur, J>ruggiti, Jane 16, 1881. 
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The Joyes' patent covered the use of gas tar from which the light oil 
has been distilled off. To the hmvy oil an equal weight of caustic 
soda and twice its weight of cocoanut oil are added, and tlie mixture 
saponified in a jncketted pan. The .addition of rosin, snlpliatc, and 
carbonate of soda is also provided for, if deemed desirable. Quibell's 
disinfectant soap and powder belong to this class : they are made from 
a liquid which seems to be a mixture of cresol and pine oil.* Calvert's 
carbolic soap and Wright's coal-tar soap h;ive long been recognised as 
proprietary articles. The nianganates have also been suggested for 
rendering soap antiseptic. The salts must be mixed with the cold dry 
80»|». They cannot be recommended, as beeidea being poor disinfeo- 
ianta, they are liable to leave a brown stain on the hands. 

Encalyptns, thymol, and terebene soi^ are yery pleasant prepara- 
tiona, and are, of oonm^ antiseptic, bnt only feebly disinfisefcant^ 
Terebene and glycerine jelly decrease inflammation. Perhaps more 
satufiMtory than any of the fotngoSng are thoae ioapt whidi contain a 
salt of mercury, of which mercuric iodide is the best (p. 141). It is 
dissolved in potassium iodide, and added to the soap in the proportion 
of from 1 in 10,000 to 1 per cent . according to the purpose. Kesordn 
and salicylic acid soaps are used by liebra in his clinic at Vienna, and 
are said to be powerfully bactericidal. Max Jolles has recently shown 
that ordinary soaps without any added antiseptic have marked disin- 
fectant properties. 

Mouth washes and Tooth powders. — These are too numerous to be 
discussed here. Tliey are chiefly nnpirical mixtures whicli owe their 
reputation to custom or advertisement. Some people use only water 
with a little soap in it to clean the teeth, but it is of advantage to 
assist the friction with a powder, and also to use an antiseptic which 
will penetrate the creyices which cannot be readied by the brash. 
Woodrcharcoal powder is excellent^ but rather disagreeable. The 
beat is said to be Areca nut ; it should not be used constantly, as it is 
apt to scratch and wear away the enameL Prepared chalk is the best 
foundation for tooth powders, aa it neutralises any acid, and being 
softer than the enamel, it polishes but does not scratch. Powdered 
myrrh, Peruvian barir, quinine, and other ingredients arc frequently 
added. Honey, borax, various scents, such as orris and rose, are 
among other substances which are commonly found in dentifrices. 
As a mouth wash, where there is decay and the breath is offensive, 
one of the best applications is chlorinated soda diluted to about 
1 per cent., and used occasionally. It is not very pleasant, but it 
removes all odour. Saccliarin, Sfxliuin bicar)H)nate, oil of peppermint, 
benzoic and boric aci<l.<, tannin, tincture of iodine, and tincture of 
myrrh are also occasionally met with. 

* Lancet, 1889, vol. xi., p. 701. 
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Ointments. — With the exception of vaseline, which in itself is 
decidedly somewhat disinfectant, and to a certain extent the prepara- 
tions of glycerine such as " glycerinum saponatum," described at 
p. 227, the bases of ointments are only antiseptic in the sense that 
they esinde air toad xnmilds and baeterw from maAob covered: 
Otherwise their virtnes are simply emollient» or depend on the drn^ 
such as meroozy or sine, which is inooiporated with them. 

O. H. Fox* recommends solpholeste of sodium as having a remark' 
able power of dissolying antiscqptio drags and of yielding Uiem to the 
skin* 

Bei^lraton for asthma, Ac, are made of thiclcnesset of silrered 
copper gauze. The air is warmed and filtered before entering the 
lungs. Almost all microbes are removed by the moist sides of the 
little tubes formed by the gauze, which has to be occasionally cleared 
from the dust. Several patents have had for object the introduction 
of a disinfectant into the respirator. Only one that is non-volatile 
would be permissible, as the constant inhalation of any medicated 
vapour would be injurious. IVrmangunate, charcoal, and various 
ti.s.surs have been tried, but Avithout success, as they obstruct the 
breathing. Every arrangement for filtering air by the action of the 
lungs must obviously place an additional burden on tho muscles of 
respii'ation, and the supply of air will almost certainly be lessened. 
Hence the nse of resptratom has become much less frequent. Tyndall 
is credited with suggesting that the hnman frame should be encased 
in cotton wool to keep oat germs. Many of the patents are quite aa 
impracticable. Wool clothing comes near to this ideal, permitting 
free egress to perspiration, while excluding dust and microbes. Its 
film of air keeps the body warm, like a respirator. Fastenr, in 1879, 
recommended cotton wool respirators for doctors and attendants in 
fever wards, in the same way that Alphonse Ouerin in France, and 
Lister in England, protect wounds. 

Internal Disinfection. — In the alimentary canal, and sometimes in 
other parts of the body, there are alway.s present large numbers of 
micro-organisms, and it is probable that the process of digestion 
itself may bo assisted by certain microbes. Even pathogenic bacilli 
may enter in limited numbers without producing disease. They 
are not destroyed by the gastric juice, but rarely survive in the 
struggle for existence with tho far more numerous iiou-disease- 
pruduciiig organisms. They only i>roduce dangerous results when, 
multiplying beyond control, thoy penetrate the blood and tissues, 
interfere with nutrition, set up irritation by their presence, or poison 
the system by their products of excretion. If they am* present' 

* TherapaUie GauUe, 18B1. 
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largely in Ibod, water, or air, it is imponible to exdnde them fiNnn the 
body, and equally impoeaible to kill them when they have entered, 
' ainofl^ aa haa been inatated on befine, any chemioal agent of anlBeient 
power to destroy the genus would also be noxioua, or might even be 
fiktal, to the higher animal. All diainfeetanta muat neoeaaarily be 
more or leas poisonous. 

The removal of bacteria may, howerer, be brought about by hasten- 
ing tbeir elimination by purgatives, or by entangling them and their 
products by inert substances like wood-charcoal, which is known to 
have proved most beneficial in indigestion and flatulency, states which 
are probably due to, or at least intensified by, organisms promoting 
abnormal fermentations. Charcoal biscuits are not so eflectual as a 
large dose of fresh charcoal in water. Opinions differ as to whether 
bacteria arc eliminated by the skin in profuse perspiration; there is 
no doubt that the latter frequently gives great relief in fevers, ibc. 
Saline purgativea are apeoiAlly indicated. One of the beat for thia 
apeeial purpoae ia aodium aulphethylate, whieh haa been much uaed in 
Ttnm, hut rarely in Kngland. The alcohol baaia whieh it oontains 
renders it alightly atimulant and antiaeptio. It ia diatinetly worthy 
of an extended triaL 

It haa been hoped that oxidiaing agenta like chlorinated aoda, 
peroxide of hydrogen, potassium permanganate, and even potassium 
chlorate would be capable of attaekiog bacteria in the alimentary 
canaL But the lost-mmtioned passes right through the system into 
the urine witiiout change, while the others not only disturb digestion, 
but are rapidly used up by the easily oxidisable organic matters 
present — i.e., they act on the food before affecting the far more stable 
bacteria. Much was expected from hydrogen peroxide, but results 
have been disappointing. An oxygenated milk, also an effervescing 
water saturated with the gas under pressure, have also been intro- 
duced, under the idea that the free gases would destroy bacteria. 

Sulphuretted hydrogen water and sulphites were formerly given 
with the object of destroying organisms. They are unpleasant, dis- 
turb digestion, and do not aeem to bring about the deaired efifoct. 

lutenal AnUMpiii.— Although it is impossible to kill the baeteria 
within the body, it is quite feasible to hinder their growth and the 
development of spores by an inhibitory or antiseptio treatment, and 
so at the same time to lessen their irritant and poisonous action. If 
the contents of the stomach were undergoing fermentation by the 
action of yeast, Ac., it would he quite possible to stop the process by 
means of phenol, creosote, or an essential oil, with a dose so amall aa 
not to injure the coats of the stomach. But the same dose would also 
atop or at least impede salivaiy, pancreatic, and gastric digestions. 
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Therefore these powerful agents, though occasionallj given in capsules, 
are not in general favour. It has been suggested in a previous chapter 
that the use of condiments such as salt, vinegar, pepper, mustard, and 
spicea is really an instinct founded on their antiseptic action, since 
many animals resemble man in this respect. The efiect of mineral 
▼aten, too, depends in a large measure on the antiseptic action of 
ourlxniio ftdd, and not on the alkali, since soda vater generallj does 
not contain soda. 

It has been ahead j pointed out tbat addi are antegonistio to moat 
bacteria (p. 69). Dilute ralpbnrie add bas been p r efe rred in many 
disease^ eapeokUy dioleca, on aooonnt <^ the additional advantage of 
its astringent aotion. Snlphorio lemonade, made bj the addition of 
the add, vhidi should be perfectly pure, to sweetened and sterilised 
water in quantities sufficient to give a marked, but pleasant, aoidnlons 
flarour, may be employed frc»ely, and according to all experience with 
much benefit. Dr. Waller Lewis, the late General Medical Officer of 
the Post Office, attributed excellent eflects to the habitual and free 
supply of a pleasant-flavoured sulphuric orangeade among the employes 
of the Post Office during several cholera seasons. It is cheap and 
innocuous, and is very likely to do much good. Although ortlinary 
lemonade contains citric acid, it is more costly, and is inferior to 
sulphuric for tins special purpose. 

The Vienna mixture for choleraic diarrhoea consists of 15 drops of 
aromatic sulphuric acid (sulphuric acid 1 in 12, with rectified i^nrit^ 
cinnamon, and ginger) to 1 ounce of sweetened water ; to this is olttien. 
added, nnder medical advice^ 0 or 10 drops of ether and 6 drops of 
laudanum. The mixture has been much used and highly tiiought of 
in Austria, Germany, and Fiance^ and by the English Local Govem- 
ment Board. 

For intestinal antisepsis ndther phenol nor creosote can be em- 
ployed, being too poisonous and irritating. Betol, howcTcr 179)^ 
has been suooessfolly used, the /3-naphthol produced by its decom- 
position being comparatiTely non-iiynrious. Resorcinol, thymol, and 
sodium benzoate are sometimes used as internal antiseptics, but thoy 
have mostly the same objection to their use as phenol. Sodium 
sulphocarbolate (p. 158), on the other hand, is safe and is much 
used. 

Quinine and its source, cinchona bark, probably owe a great deal of 
their power in fevers to their antiseptic action. None of the substi- 
tutes for quinine are equal to it in general utility, and many of them, 
such as kairine, have proved very dangerous. 

Several of the derivatives of guaiacol, such as benzosol, have been 
highly recommended, and are described under their respeetiTo hMMbi 
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fhono-ialjl (p. 200) is a good preparatkm for washing out tiie.Uaddttr 
•nd imtlini. 

7a0€ilifltkm. — ^YMdnatioii and other preventive meaauraB of inoca- 
Jation are at present foreign to the soope of the presmt work, but niay 
properly be regarded as preoautionaiy meaaures relating to personal 
disinfection. Modern research seems to indicate that the toxines 
produced by tiie micro-organisms of infectious disease are the natural 
disinfectants for combating the disease, and tlicre seems good ground 
for believing that progress on these lines will be rapid in the near 
future. The present absence of definite chemical knowledge as to the 
nature of these remedies for phthisis, hydrophobia, diphtheria, and 
similar diseases, renders the subject unsuitable for treatment here, 
although their investigation from a bacteriological point of view Las 
yielded, without doubt, some of the most valuable and suggestive 
results obtained in recent years. 

Natural immunity is produced either by dissolved alexines or fi'om 
the resistance of the tissues, whilst acquired immunity is due to the 
presenoe of modified baetraial produets. Bonx has diown that the 
aemm of animals vaccinated against cholera and pneumonia has no 
antitoxic properties, although it is germicidal on the microbe. With 
diphtheria and tetanus the antitoxin is properly so oalled, aa it is 
destructive to the toxines secreted by the micro-oxganlsms.* 

FBKSBBVATION OF WOOD, 

Among the principal food preservatives are boraoio add (p. 99), 
glycerine (p. 226), salicylic acid (p. 198), bisulphites (p. 96)^ carbonic 
acid (p. 104), creosote (p. 161), acetic acid (p. 225), and formaldehyde 
(pt 230). The changes which food substances may undergo before 
consumption may be classified under the following heads :— 

Causes of Change in Food.— 1. J5y Oxidation. — This is comparatively 
rare and slow in the absence of microbes. Dilute alcohol is trans- 
formed into acetic acid by air when in contact with platinum lilack, 
but the process is (juicker untler thi; action of the vineLjar tunijus, 
Mi/codernia nreti. As far as is known, simple oxidation never renders 
substances injurious. 

2. Jiy Reduction. — The only reducing agent thai could naturally 
ooeur in this connection would be sulphuretted hydrogen, which would 
involve putrefaction in the substance or in the neighbourhood, and 
would therefore presuppose the presenoe of baoteria. It has been 
suggested that the peodiar taste of certain osnned foods depends on 
the reduction of the fluids by the metal, on the ground that its degree 

* Boohaer, Amtr, Jmum. Jr«d.Sei, Jan., 1896; Bonx, Mtd, Wtek, Sept. 14, 1804; 
SlsgMM^ Aril. JKoL Jon, Dtc 1, 189«. 



Digitized by Google 



'fumrnKfJoum or mmm. 



IBS 



in out of proportion witli the traces of metal dissolved, and that it is 
caused with such extreme rapidity, as, lor example, when an apple or 
fish is cut witli a steel knife. In this latt<'r case the taste is often 
iuiagiuary, a.s blindfold experiments with apples and fish show that 
the majority of persons are unable tu detect which was cut with clean 
ateel and which with silver. Of coarse if the metal is allowed time to 
heoome Mted upon, a flnrruginons tatte ii imparted. Zma gives * 
different flavour. Magnesium givee none. Henoe the eanae woold 
seem to be the metal, not redootioo. There is no evidenoe that a 
slight redaction would be at all injorioni. Sulphites and fbcmaldA- 
hyde, if used for preserving, would canie some rednotbn in unstable 
constituents of the food. 

3. JBy Metallic Contamination. — Vegetable substanoes coming in 
contact with iron are blackened and their flavour qpoUt. This has led 
to the use of copper vessels for preparing jams and sjrnps; even 
pickles were formerly made in copper vessels. The employment of 
this rnotal for vinegar or very acid juices is most reprehensible, as 
even if the surface is clean, an unknown and often considerabU? amount 
of metal finds its way into the food. Mainly throuL^h Dr. Hassal and 
Messrs. Crosse & Blackwril, apparatus of wood, sioneware, and even 
silver and platinum have displaced copper in making pickks. Enam- 
elled iron should be used for making jams. The presence of copper in 
preserved peas has been defended on the ground that (a) it improved 
the colour j (6) being antiseptic, it increased the keeping properties; 
(c) it was not poisonous in amall quantities, but acted as a bene- 
fieial tonic. The best authorities regard it as irritant; it is probably 
cumulative, and it should certainly be prohibited. Lead may be 
present £rom the solder, and Hehner has drawn attention to the fiwt 
that almost all canned provisions contain tin in solution. Biqperior 
goods are put up with oiled paper linings, so as not to ooom in contact 
with the metal. The irritant effects of some tinned goods have been 
attributed to chloride of zinc, which had entered in the soldering ; 
this, and also the dropping in of particles of solder containing lead, 
have Iteen since prevented by a guard-plate underneath the hole, or 
by the use of resin for soldering instead of zinc chloride. W. Reuss* 
has noticed the presence of lead in preserves contained in tinned- 
iron canisters. The latter were constructed by bending some sheet- 
metal together, thereby avoidini; contaiiiination with lead by means 
of solder, and hermetically sealed by indui rubber bands. He subse- 
quently traced the lead to these bands, which owed their colour to red 
lead. On. examining red india>rabber bands of French, German, and 
Knglish mann&cture, he found them to contain as much as 60 permamL 
.* Ofaw. MailKng, pp. l»aad Ugk 
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of red lead. Many of the india-rubber bands used for sealing pickles, 
jams, meats, and preserves owe their red colour to sulphide of antimony, 
and are free from lead, but antimony has not l)een found in the food 
itself. In New York, glass vessels have been tried to overcome these 
diffiooltiee; but, owing to the expense, breakage, and unsightly 
appearanoe of some fonm of Mraps and meats, have not met vith 
mneh soooesi. For brawn and potted meats earthenware is used. 
Its weight and fragility are the only disadvantages. 

Attempts have been made to coat the inside ol the tin with varnish, 
paraffin, Ac, bnt have not been suooessftil. 

If the inside of the tin be mnch disooloured, or if tinned fruits show 
a strongly marked crystalline appearance on the interior snrftoe thej 
are unsafe to be eaten. Any discoloration of the contents, or any 
peculiar odour or taste, should also be distrusted. 

4. By Organisms. — Yeast, moulds, and bacteria of all kinds can be 
carried in the dust of the air, on to tlie surface of any exposed food. 
There they develop their mycoliuin, which ramitics throughout the 
substance and accomplishes fermentative and putrefactive change.^. 
It would bo supposed, therefore, that exclusion of air and dust would 
suffice to preserve changeable bodies. With this ol)ject receptacles 
exhausted by an air pump and afterwards hermetically sealed have 
been patented. Pasteur and Tyndall's experiments, which proved 
that air purified from germs by filtration through cotton-wool caused 
no alteration in urine, beef tea, milk, or sugar solutions, showed 
also that these must be previously oolleoted so as to ezdude the 
mlerobe, or must be sterilised 1^ sufficient heat. It is impossible, 
however, to preserve most alimentary substances in the raw state 
without the addition of spioes or chemicals, because the air con- 
tained in them, and the few germs which it is impossible to keep 
out^ are sufficient to bring about thdr decomposition. However, 
eggs can be preserved for months by keeping them in a pan of lime 
water, or by dipping them in a cream of slaked lime and water ; in 
each case the shell is rendered impervious by a coating of carbonate 
of lime, and the albuminous inner lining of the shell is coagulated 
and rendered aseptic, as can be prove<l by breaking and examining. 
Smearing with fat or varnishing gives a bad flavour. ParalHn wax 
easily peels off, and is expensive. Fruit has l)een kept from decay by 
a coating of melted wax, when gatliered fresh and not quite ripe. 
Jams are usually covered with parchment paper sealed down by white 
of egg. This membrane does not necessarily exclude air, but its tiny 
holes must be small enough to exclude bacteria and spores of mould. 
Generally a disc of tissue paper is laid on the jam, when hot, as 
•n sdditionaT precaution. It win be found sometimes that mould 
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has grown on the top of this, bat has not penetrated to the pre- 
serve. 

Coating with glae, gelatine, or melted fat has been tried for meat 
ithout success. Meat is preserved to a certain extent by membraDes 
such as sausage skins. 

L. Smith, of Chicago,* proposes to store the goods in idr-tight veaaels 
from which the air «hi be ezhuuted, while by a three-way tap 
carbonio add is admitted in its plaoet This gas is antiseptic, has 
no eflect on the foods or containing vessels, and does not alter the 
flavonr. 

Biying alone is the snljeet of a huge nnmber of patents, differing' 
onlj in mechanical details. Bspression of water and desiccation leare 

the fibre and dried jnioes incapable of pntrefaction, but the flavour 
and (lige.stibility are much impaired. Oharqui, South American dried 
beef, and pemmican are well known. Dried vegetables are mannfiio- 
tured by several firms. Soup-tablets and desiccated soup are generally 
made with vegetables and meat extract, with very little fibre ; many 
of them are wholesome and palatable, and keep well in closed tins. 

Smoking is accomplished properly by hanging up in peat or wood 
smoke. The surfiice beconu'S dried, and also impregnated with acetic 
acid, woo<l spirit, and creosote. Although the two former eventually 
volatilise from the food, the surface retain.s a <?ood deal of the 
creosote, and undergoes no change except that the fat in tinio 
may become rusty or rancid. A great part of this rankness may 
be removed by putting abont half a doaen lumps of freshly-burnt, ot 
re-heated, charcoal in the water in which the meat is boiled. The 
diarcoal removes the odonr, bat does not thereby render the article 
wholesome hence the change most not have gone too fiir. Smoking 
has only a sarfiMO preservative action, and does not reach the interior, 
so that the ova of trichina, tapeworm, &a, remain andestroyed. In 
oonntries like Germany, where smoked sansages are consumed raw, 
or nearly so, the ravages of these parasites are frequently severe. In 
England, where thorough cooking is the rule, such epidemics are very 
rare. Still it must be remembered that neither di7iDg, smoking, nor 
salting secures safety against the ova of parasites. To save time, hams, 
haddocks, Ac, are often cured by dipping in pyroligneoua acid, or 
crude wood-vinegar, with or without brine, or even by V)eing merely 
bruslied over with this solution. Kippers and haddocks are often 
prepared under most unsanitary conditions, and as the treatment is 
often far from complete, may be a source of danger. Very .slight 
evidences of decomposition in fish are sufficient to indicate the possi- 
bility of an extremely poisonous] product in the body of the animal, 

• Patent No. 2,444, A, 1891. 
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fio that fisli must never be trusted in the same way as hi^h game 
and mutton souieiiuies are. The faintest trace of decomposition in 
fish forbids its use as an article of food. 

B. Hffikrd* prepares ah MtuMptie liquid by burning wood in » 
Buitable famace and conduoting the smoke into a tube or ebimne/ 
through which steam is propelled from a boiler; the vapours are then 
condensed in a suitable apparatus. The woods onployed vary aoowding 
to the nature of the food and the flavour it is required to impart The 
patentee uses oak for pork, peat for fish, birch for tongues, and so on. 
The length of time during whieh the food is immersed in the liquor 
varies according to the nature of the article and the strength of the 
antiseptic. When the liquor is of a dark straw colour, the time is 
from three to six days for pork, a few hours for tish, and one minnte 
for imported preserved meat, which is thereby much improved in. 
flavour and keeping properties. 

It must not ho forgotten that as, in the tir.st instance, micro- 
organisms settle on the surface of foods, such food may often present 
a normal apiiear.inee, and consec^uently be passed by inspectors and 
others as .suitable for consumption. 

^iilk has been shown to be a fre(iucnt source of danger, and many 
epidemics have been traced to its pollution, either through the water 
supply of the oows, carelessness in the dairy, or in the conditions 
obtaining between the time when it is supplied by the fisurmer and 
when it reaches the house of the consumer. Yaughan has further 
shown that in addition to the danger of milk containing pathogenic 
organisms, under certain conditions tyrotoxicon, a ptomaine produced 
by a non-pathogenic form, is produced which gives rise to summer and 
infantile cholera. As the poison is dertroyed by boilui{^ its absence 
Diay be assured by this precaution. Yaughan has also demonstrated 
its jireKr nce in cheese, ice creams, and stale fish. 

Cold. — It has already been shown that most micro-organisms are 
not killed by cold. Nevertheless, various methods of refirigeration are 
largely employed for ))reservative purposes. In Russia and Canada 
carcases are buried in frozen earth from November to May. Fish and 
poultry are constantly broui^ht to town packed in ice. Ships fitted 
with refrigerating ajiparatus l»rinL,' meat from Australia and America. 
One of the earlier forms of cooling plant is the downward draught 
method of Kent, in which the cooled air beiug denser descends from 
the ice-chambers and passes round the meat. It has been found in 
practice that it is not absolutely necessary that the meat should be 
perfectly froien, a low temperature i^proaching fireesing point is all 
that is required for temporary preservation. In Gamgee's proeew th« 

•PklMitKo.Sl,S05,1891. 
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npid evaporation of sulphurous acid, aided by pumpa, produces intense 
oold, cironlaliiig hj gljoerine and water through pipes. Liquid am- 
monia 18 ako Hied in a aimiUur waj. 

At the Yietoria Dodn tlien are twenty-one refrigerating chamben, 
holding at times 200,000 ctecues of sheep. At Smithfield Muket 
the refrigerating spaoe is equal to 250,000 cnbie feet, in addition to 
the cold rooms in the basement of the building. The walls and roof 
aie insulated by an inch of hair-felt between two thicknesses of deal 
boards joined very <doMly and with an airepace separating them from 
the building. The floor is rendered a- non-conductor of heat by two 
IsyetB of deal separated by a layer of iioely-divided charcoal. Re- 
frigerating machinery on the hydrocarbonic system is erected in the 
basement. In this system carbonic acid gas, j^roduced by the com- 
bustion of coal or otlierwise, is forcod by a jjressure of several atmo- 
spheres into coolod water. On removing the pressure by means of 
reversible air pumps tlu; gus escnpes rapidly, tlien liv abstracting heat 
from a reservoir of lu iue (which stands a low irinp« rature without 
freezing); the brine ciiculutes by pijjes througiiout the building, and 
also cools the inlets of fresh air. The gas is forced again into another 
cooled emdenaer, and when the excess has been transferred, the 
apparatus is reyersed, and the gas escapes back again, cooling another 
reservoir of brine, in the second vesseL By a couple, or a series, of 
these twin vessels, and a system of yalyes for the brine tubes, the cold 
is kept constant, using the same carbonic acid and the same brine. 
The apparatus is safer in case of leakage or accident than those using 
sulphurous acid and ammonia, and does not involve such high pressures 
as when liquetied carbonic acid is employed. A leak is discovered by 
the hissing sound, or by a light being extinguished wlu ii applied. It 
is obvious that in case of emergency the solution of carbonic acid 
could be used like the ordinary fire cxtincteur. Arrangements are 
provided by which the temperature of the various sections of the 
buihling may be regulated to ri-cjuiremcuts, aiul special precautions 
have been taken for the ventilation, of the l)uilding, and for changing 
the air very rapidly if need be, so that in the event of a cuicase going 
bad from any cause, the risk of its tainting the rest may at once be 
obviated. 

Preservation by Chemicals has not hitherto been successful. Either 
the feed has acquired a peculiar flavour, or has lost a great deal of its 
nutriment and digestibility with its juices, as in ordinary salting. 
Sugar^nring aims chiefly at excluding air, as the antiseptic properties 
of sugar are very feeble, but where it is employed fisr preserving 
jams and candies, it is the heat that is the real agents since a solution 
of sugar boils at a much higher temperature than water. Protection 
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from air is also an eirect here, since the viscosity opposes resistance 
to tbo penetration of germs. Saltpetre, ammonium acetate, acid sul- 
phate of potash, ammoniom chloride, lactic, tartaric and citric acids, 
Ac., have appeared in WTeral patoits, but have not been tnooeasfnl. 
When using these preserratives it is to be noted that (1) if the food 
be direoted to be merely dipped, or to have tiie antiseptie nibbed on, 
so that it ean be cut, washed, or rubbed off before cookings the snrfiwe 
only is kept sterile ; (2) if it were possible to permeate the whole mass 
witii the antiseptic^ fche result would be the presence of a quantity of 
the chemical that would certainly be unpalatable and injurious to 
health if frequently consumed. 

Gamgee invented a chemical process to bo used before the death of 
the animal. Having noticed that carbonic oxide when it combined 
with the blood rendered it almost imputrescible, he caused the animal 
to inhale this gas for two minutes. Thoy were thereby rendered 
insensible. After slaughtering, they were hung up in chambers filled 
witli the gas (produced by passing carV)on dioxide from burning coke 
through layers of red-hot charcoal), and containing boxes of charcoal 
saturated with sulphur dioxide. After twenty-four to forty-eight 
liours' exposure the treated meat kept for many months. The process 
appears to have been unsuooessful on the oommereial scale, owing to 
the e^qpense. Injection of various fluids into the rnns has been also 
afiulure. 

It is said that in the salt mines of Cheshire t^e atmosphere con- 
taining salt dust preserves the miners against oold, rheumatism, 
neuralgia, and infectious diseases, without being injurious to the 
lungs, and that raw meat will keep for a very long time.* This 
effect may, however, be due to the comparative absence of bacteria 
in still air, as the salt mines are not artificially ventilated. In France 
the use of boric acid, borax, and bisulphate of soda for the preservation 
of food has been adversely reporte<l upon by M. Nocard, and the Seine 
Council of Hygiene have prohibited their use in consequence. 

Preservation by Heat. — The coiulitions under which heat alone, or 
heat with .steam, will sterilise have already been discussed (p. 29). 
Articles of food always contain moisture, so that the conditions 
present here are heat and .steam. While the exterior of a joint 
readies the boiling point, the interior does not attain that tempera- 
ture, so that the germs or ova that may be present are not raised to a 
sterilising temperature. In moat canned meats it is probable that the 
whole of the food is raised to the temperature of the water, and, when 
of good quality, they are probably as wholesome^ nourishing, and 
digestible as meat that has been cooked in the ordinary way. 

• Manky, BrU, Mam^/i ImdtutrSu, 1878^ pb 10^ 
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M. Appert^ of Ttma, in 1810^ fiitt introdvoed the prooen of heatuig 
proviaioiui in Tenels vhioh oould be henneticaUy cl oacd , lo that the 
steem should drive out the air and a Taeaum be prodtioed. Thia is 
clearly seen by the fiwt that the ends of tins whidi are in proper con- 
dition are coneave, that they often collapse, and that there is an ianish 
of air when they are opened. Unless these mgns are observed, the tin 
is bad and must not be eaten. All tins are examined in the warehouse, 
and snob as are blown, f.0., convex at the ends, owing to ^scs from 
decomposition inside, are rejected. Collapsed or crushed tins (which 
are sometimes offered cheap) are also dangerous, as in the sharp 
bending of the tin holes aro apt to be formed. There are three 
principal processes for canning foods : — 

1. T/te Chloride of Calcium Process. — The tins after being filled have 
the lids soldered on, leaving a pin-hole for escape of steam. They are 
immersed to two-thirds of their depth in a bath of calcium chloride 
solution, which boils at a higher temperature than water, heated from 
260* to 270* F. for one to three hours, and the hole closed by a drop 
of solder. 

2. 2%e Aberdem Jhroeett. — ^The tins are placed in a bath as before^ 
but they are entirely dosed. Daring the heating they are rsised at 
times by a frame, opened to let oat air and vapour, so that the tin 
does not bursty dosed sgain and the heating continued. This is re- 
peated two or three times, according to the sise and substance. The 
pressure within is judged by the forcing out of the ends. Superheated 
steam is used by some firms instead of salt baths ; it is rather more 
difficult to manage, but leaves the tins clean. This process, which is 
known by the tins having two or three blow-holes, presents the advan- 
tage that more of the natural moisture and flavour are retained. It 
has superseded tlic former process in Scotland, Australia, South 
America, and Xew Zealand. 

3. Joneses Vdnimn Process. — The tins are packed quite full, and 
soldered up except a small hole, with a little quill tube, in the top. 
The bath contains ninety-six 2-lb. tins. Along the centre of the bath 
runs a tube with twelve taps, each of which carries eight stuffing boxes 
«miieflted with the tubes. By a Ikn or pumps a vaeuum is created, 
and the bath is heated gradually to 212* F. The fluid in the tins, 
under the diminished pressure, bdils at about 100* F., so that the steam 
and air are carried off at a low temperature. After a time the exhaust 
tapsare turned off. The tins then contain no air, and are full of steam. 
The cooking is continued for two hours at 2^0* F., letting off the 
steam occasionally as the pressure increases. 

4. Sahef't BaUimore Proessa— Meat is subjected to dry steam and 
compressed in moulds* then wrapped in paper or other material, coated 
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uMiiphfter of Ewif, emMded in ft heftted fitt sooh as met or laid, 
in ft can or in metallic foil, with certain preoftadona.* 

5. In Germany, and to a certain extent in Italy and France, tBe 
dftngerous and objectionable custom is prevalent of eating meat in tbe 
nncooked state, simply smoked or pickled. Kaw hams and bacon only 
smoke-dried, Qotha sftnsages, and even chopped raw steak -with bread 
crumV>s and onions arc commonly consumed. This practice n«'ce5?si- 
tates that tlio meat in tlie markets should l)o rigidly inspected, and 
hundreds of carcases are seized and destroyed. With the idea of 
saving this confiHeated diseased meat fur food, W. Budenherg, of 
Dortmunil, has invented a tiesh steriliser, in which tbe disease germs 
are killed by steam under pressure. 

It consists of a large iron cylinder, one end of which opens on hinges 
and closes hermetically against packing. Steam at a pressure of half 
•a fttmosphwe (112* C.) is injected at the top^ dfonlfttes round tho 
movable iron Bhelves on which the pieces of meat are placed, and 
escapes to ft condouer through ft tube ftt the bottom, or can be led 
into ft fireplace to bum any unpleasant Tftpours from the mest Tho 
temperature can now be raised to 127* 0. by letting in steam of 2} 
atmospheres ; after two or three hours' heftting ftU germs of diseaso 
are destroyed. The fat and liquor are drawn off separately below. 
The &t can be used, the liquor is thrown away. At a higher tempera- 
ture the meat is much disintegrated and dried, but is still digestible 
and fit for the food of animals, dog biscuits, S:c. The temperattire of 
1 he interior of the largest lumps of flesh, as registered by a maximum 
till rnionieti-r, remains steady at some degrees over 100° C. The loss 
of weight is from 40 to 50 per cent. 

In some cases, where the apparatus is only used as a meat-steamer 
to save large quantities of meat from being lost by putrefaction in 
summer, it can be worked throughout at half an atmosphere of steam 
pressure. At this lower tempeFRture the meat is as juicy and savoury 
as in ordinary cooking. The interior of the pieces reaches a tem- 
perature of 100* to 120* C, so that it can be sold for eating without 
hesitation. The inventor states tiiat the sterilisation at the higher 
tomperature was found by experiment to be perfect. 

6. O, HairtmamCt procets f dispenses with the use of antisepl^y. 
and consists of three steps— preliminaiy sterilisation, germinating 
period, and final sterilisation. Tho first step consista in subjecting 
the preserves to a temperature of 100* to 120* for a short time; the 
second in keeping them for some days at a temperature of 20° to 30*, 
when ftoy germs which hftve not been destroyed in the primary 

* Patent No. 11.068, 1882: t Patent No. 14,601, 1882. 
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sterilising process davelopu They are then oom^tely dettiojed bj 
a final sterilisation prooen. 

7. Process for Preserving Organic Substances hy Formnldehyde. — The 
remarkable antiseptic properties of formaldehyde are said to render 
it a suitable substance to employ. Meat and similar substances arc 
immersed for a few seconds in an aqueous solution of formaldehyde, 
liquids are mixed with 7j>,^^^ part of it. Solid substances may also 
be exposed to the formaldehyde vapour. Considering the minute 
quantity employed, there seems not the slightest objection to its use ; 
moreoyeri meat, vegetables, and similar articles of food, when treated 
with itk do not lose anything of their appearanoe or freshness, or suffer 
in any other respects. 

MiilL — Baoterinm ladlii the organism which turns milk sonr, is not 
the (mly one which finds a fiiTonraUe place of growth in milk. Infec- 
tion of different kinds apparently can be oanied by it» and seyeral 
epidemics have been traced to this oanse. Hence the strong recom- 
mcndations that milk should in all cases be boiled, and that dairifw 
should be kept scnipolottsly clean, and well-ventilated. All cases of 
infectious diseases occurring on the farm must, under heavy penalties, 
be instantly reported, and the supply of milk discontinued until the 
case has been removed and the buildings properly disinfected. Milk 
cans should Ix' washed out as soon a.^ possible after use, and finally 
scalded with boiliug water, and turned upside down, in a place free 
from dust, to drain and dry ; then they should be covered till wanted, 
llenioviiig any stale smell by charcoal is not a safe proceeding, as the 
odour is a sign that the cleaning has not been thorough ; in such a 
case the can should be thoroughly steamed, and thm washed. Water 
fiom ponds or contaminated weUs shonld never be used for washing 
TSBsels that are intended for milk, as this has originated many cases 
of typhoid, scarlet fever, and other symotio diseases. Strongly smelling 
disinfectants cannot be employed for dairies since milk is so patticn- 
arly absorbent of odours. Probably peroxide of hydit^gen would be 
the best agent for this purpose^ if it were cheaper. Formaldehyde is 
now largely used in this country and Australia. It is to be regretted 
that jets of steam are not more extensively used for cleaning milk 
vessels \ it would be easy to fit up an apparatus for this treatment at 
railway stations, where the cans could be systematically cleansed before 
going to the farms. 

Milk can be kept for an indefinite time by heating it under pressure 
to 120° C, closing it whilst hot with corks or stoppers, and storing it 
in a cool place. If exposed in a warm situation after this, the ca:3ein 
is apt to undergo some molecular change, by which it clots into 
granules, or even sets almost solid, but no putrefaction ensues. It 
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does not usually pay to preserve milk without concentration, on 
account of the bulk. The usual lucthods for miik-preservation may 
be divided into two groups— (1) those based on the addition of a 
foreign ingredieiit ; (2) steiilisation hy heat. 

1. Boric and aalioylio aoida, borax, formaldehjde, oaae and milk 
sugars, gluoose, sodium carbonate, potasdiim nitrate^ and glyoeriae 
have been added. S<mie of these preservatives are obvionsl j likely to 
be piejndidal to the health of yoang children, and shoidd not be 
used.* 

2. Bethdl in 1848 patented a process for preserving milk, which 
consisted in boiling it to expel all the air, and then saturating with 
carbonic acid ; by this means, milk can be kept fresh for weeks. 

Dodaux kept milk for five years in a vessel from which he had 
previously exhausted the air and heated the contents to 120° 0. 

Sterilised milk is now supplied, in many of the larger towns, in 
bottles which are hermetically sealed. Such sterilised milk is valuable 
for voyages and for invalids. 

In (t'ronwaltCs patent sUrilUing ajtpdnitus for jlnid^ t the fluid is 
sterilised in the vessel used for storage ; it can be closed without 
admitting air, and allows the vessel to be filled to any desired height 
without any risk of the fluid being deteriorated, or the bottle bursting 
through an increase of tniipezatiire. 

Condioied MUk^The process was invented by De Leinac in 1852, 
and modified later by Borden of New York, who introdaced vaonnm 
pans for concentrating the milk without burning. In 1866 the Anglo- 
Swiss Company started Borden's process on a laige scales Ihe i^lk 
la bronght in every morning by formers, who are k^t under very 
careful supervision as to cleanliness of surroundings, and absence of 
disease. It is tested, mixed, and heated in a bath, pure white sugar 
is added, generally beetroot, then run into the vacuum pans (closed 
copper vessels from which the air and steam are exhausted), and 
evaporated rapidly at a low heat for two or three hours, till it is of 
the consistence of honey. 

It has been kept in this way for upwardsS of twenty years. Great 
cleanliness is of course necessary in the process. The tins must be 
sterilised by scrubbing, then a jot of steam, and finally pure cold water. 
If there be any imperfection in tlio process, or if the tin be not properly 
sealed, the milk becomes solid and cheesy. If too highly concentrated, 
the milk-sugar crystallises, and the preparation becomes gritty. 

Condensed milk is perfoctly wholesome, but the balance of its food- 
value is disturbed by the enormous proportion of sugar, about 50 per 
cent. For this reason it is unsuitable for in&nts. The directions oa 

*Seetbesrtieleoa£drica«iii;^09. t Pttsnt Ko. 1,910^ 189a 
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the tin as to dilations are frequently misleading — 1 in 5 or 6 for 
adults, and 1 in 12 for in^mtt— tiie oonoentvation is only 1 to 3 
or 8}. 

A oondenied mOk oontaining no added sugar and sterilised in tins 
lias recently been introdnoed. By diluting with twice its Tolouie of 
boiled water a flnid of the composition of ordinary milk is obtained. 

Butter. — ^The production of sterilised batter has not been entirely 
saooessful, owing to the &ct that the proper sterilisation of the cream 
is prevented by the necessary changing of the receptacles during the 
nannfactnre. The cream is in consequence brought in contact with 
numerous surfaces, and is necessarily subjected for a considerable 
time to the action of the air. E. E. Ritsert* points out that notwith- 
standinLT the occun c net; of most diverse micro-organisras in rancid fats, 
both aerobic and anaerobic germs die when added to the fresh unde- 
composcd fat, from which it is inferred that the change is not initiated 
by them. lie also found that under the influence of sunlight, which 
killed the germs, the rancidity wm produced more rapidly. Experi- 
ments were therefore nuule with sterilised lard — (1) protected from 
access of air, but exposed to sunlight, to diffused daylight, and kept in 
ihe dark ; (2) with aecees of air, exposed to the sunlight, and kepi in 
the dark ; (3) in atmospheres of moist and dry oxygen, carbonic add, 
nitrogen, and hydrogen. As a general reeult it may be stated tiiat 
the result ikTOurable to the production of randdity proved to be the 
aetion of light during contact with air, tiie change being induced the 
more r^ddly the more intense the light. Thus it was found that 
sterilised lard, either moist or dry, when kept from contact with air 
in sealed tubes, remained free from rancidity for two months, even 
though exposed to sunlight and warmth. Oxygen, both dry and 
moist, was absorbed freely in the light, the fat becoming strongly 
rancid in one month ; but none was absorbed in the dark, tho fat 
remaining quite fresh. Nitrogen and hydrogen were not absorbed in 
any case, and the fat remained unchanged. Carbonic acid was absorbed 
in the light, and to a less extent in the dark, but the lard only acquired 
a tallow-like taste, and no odour. 

G. MuUerf has invented an apparatus by which the whole process 
of butter-making is conducted in tiie same vessel with the most com- 
plete precautions. The cream is first sterilised by high-pressure steam 
at about 103* 0. Anj air which may enter on cooling is sterilised by 
a cotton-wool filter. The churning is then proceeded with in the same 
▼essel, the butter>milk being run out »t the bottom, sterilised air 
entering at the top. Sterilised water is then added to wash the butter, 
■alt and colouring matter (sterilised) is added if desired, and finally 
* PAorsi. Mwv, 8^ 13, 1890, p. m f PMent ^Se<M» 180SL 
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the butter is churned dry to remove excess of water. The product 
is free from microbes, and will keep fur a considerable time. 

Batter that has onoe been churned cannot be melted without losing 
its eharaeter as batter. If eterilieed batter firom Muller^s prooeM 
above coold be ddivered hj a screw pag mill into sterilised tins, so as 
to fill them as neariy as possible^ and then soldered up, avoiding 
e^Kwore, the ideal conditions woald be fulfilled, and the batter ought 
to keep for an almost unlimited time. It would be free from germs, 
end would be seoored from access of either light or oxygen. 

Lactacidine, p. 202, is recommended for butter preservation, to be 
removed by washing before use. Since butter entangles about 10 per 
cent, of water, containing part of the butter-milk which in practice 
cannot be thoroun:hly removed, and can only be partially preserved by 
salt, no external application — ^neither this, nor hotie, nor even salicylic 
acid — can l»e depended on. 

Cheese, as is well known, soon undergoes j)utrefactive chancjos, 
without apparently rcndcrin:; it unwliolosonie. Antiseptic, or, better, 
aseptic, wrappers of close canvas, staked in boric acid and boroglyceride 
(p. 101) are here of value, and unobjectionable, as the rind is not eaten. 
They may prevent the access of the organism producing " tyrotoxicon" 
(pb 266), which is the cause of poisonous cheese. 

Wheat and other kinds of grain are subject to tiie attadcs of numerous 
fungi, such as eigot, mildew, &e., which render the flour prepared from 
them unwholesome. The common ronedy is to puskle with sulphate 
of copper before sowing. Although the quantity of copper which 
passes into the food is infinitesimal, it would be bettor if a less p(nson- 
ous disinfoetant oould be found. Chloride and acetate of aluminium 
have been well spoken of ; they must be used very dilute, say 1 in 500, 
or germination is checked. 

Bread acquires from the air germs of all kinds, and under certain 
conditions becomes poisonous. Hence the use of a covered bread-pan, 
kept scrupulously clean and free from stale crusts, etc., should be in- 
sisted on. In the early part of 1894 Dr. Waldo drew attention to the 
unsanitary state of London bakehouses. Filth, communication with 
drains, privies in direct proximity, and personal contamination from 
the work-people were discovered in a number of cases. Places where 
the food of the people is prepared should bo above ground, in strong 
daylight (the &tsl effects of light on bacteria have been before men- 
tioned), well-ventilated, and deen. Much more supervision should be 
exermsed. It is almost useless to combat bacteria when th^ are 
allowed to multiply in the daily food. The London Gonnty Council 
has issued regulations on the snbjeet^ and legislatioa from fkrliament 
is awaited. Dr. Waldo and Mr. Welsh have also shown that OE;g^nisms 
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and their spores are not dfstrojed by the ordinary j)roces3 of baking. 
By plate cultivation they succeeded in oh)taining thirteen dilTerent 
species of micro-organisms from the centre of recently baked loaves 
from bakeries in difTerent parts of London. The results show tiie 
neoesaity of having proper regulationa fi>r bakehoiuea, at aewage 
poUntioii of aach plaoea would mean that hfead might be aent out to 
Gnatomera charged with apeeifio organiama. MIerobea withatand » l<mg 
ezpoanre to a much higher temperatare than that to whidi the centre 
of the loaf ia ezpoaed, without being deatrojed, and there la no reaaon 
to believe that even the greater nvmber of the bacteria in the loaf are 
killed. They alao found that tinned and amall loavea were often aterile^ 
and conclude that the number of bacteria in loaves seemed to bear a 
direct relation to the dirtiness of the bakehouses. It is also important 
that the flour, which undergoes in unsuitable warehouses a rapid 
change, should be kept dry and sterile. Dr. Brown has suggested that 
the use of flour has been the cause of many wisfs of outbreaks of 
diseases, esju-cially sporadic outV)reaks of intestinal complaints. In 
Bristol the number of such cases in the district has directly diminished 
IMiri /»issn with the recent activity of sanitary interference with the 
dirty bakehouses of the town. 

chapter xiv. 
tm&axm statutes and bboulations. 

Duties of a Medical Officer of Health, aiid of Sanitary Inspector*. PcDLlc IIfai tit 
Act, 1875: Clauses relating to Infection — Hospitals for Infectious DiscaAcs— 
Prereation of Epidemlci Mortuaries— Pert Sanitary Aathorities. Gucbbal 
Ordxk ov Local OovntNioniT Boabd un Cuoiaa, 188S: Regulations as to 
Detention. DAiniKs, CnwsiiKns, and Milk Shops Orper of 188."): Ilcgu- 
lation of Bakehouses — Hou^in;^' of the Workinj; Classes Act, IbDO — I'ublic 
Health (Water) Act, Iblii — Vaccination Acta — Burial Kegulations — Merchant 
Shipping Acta— Oual Boato Acta— Infeetioos Diaeaaea (Notification) Aet, 1889 
— Infectious Disease (Prevention) Act, 1890. Public Health Amendment 
Act, 1890. Public Health (London) Act, 1891: Rules for Hospitals for 
Infectious Diseases, Local (Joveniment Board. Circular of the Mekicai. 
Omc£& OF UsALTU: Local Government Board Remarks on the Clauses. 
Soigaitloiui of tho Soolety of Kedloal Ottoen of Bealfh. Modal Bfo* 
Laws of the Local Qovemment Board : As to Cleaning, &c. — As to Nniaaacea 
of Animals— A.s to BuiMings. Metropolitan Asylums Board. Ststkms ix 
Other Countries : Brussels : Waggon Sluices — Rules as to Meat. Paris. 
Oermany. Berlin. Leipsig: The Suvem Mixture. Ylaniia. Oompleta 
Rmolatiooo in Dennaric Baport of Amarioan PnUie Health AaaoeiatioB. 
QuamitliM: Bngliah Syatam. IWj. 

Ax outline my be here giveii of the Saaiteij Bagabtioiii thet 
apply to our subject 
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IHrtteB of a Medical Offleer of Heattb (imied oidsr of Local 
Gknreminent Board, 1891)— Bole 6.-— Oa recelTiiig infomiatum of the 
ovtbraak of my oontagiono, infiMstioiUy or epidemio diseaao of a daa- 
getotu obaimoter within iho diitricty ho ahall Tint withont delay the 
spot where the outbreak oooarfod, and inquire into the oauea and 
cxrcumitances of sndi onthreaky and in case he is not satisfied that all 
doe precautions are bdng takon, he shall advise the persons competent 
to act as to the measures which may appear to him to be required to 
prevent the extension of the disease, and take such measure for the 
prevention of disease as he is legally authorised to take under any 
statute in force in the district^ or by any resolution of the sanitary 
authority. 

7. Subject to the instructions of the sanitary authority, he shall 
direct or superintend the work of the inspect<jr of nuisances, in the 
way, and to the extent, that the sanitary authorities shall approve. 

15. He shall give immediate information to tis of any outbreak of 
dangerous epidemio disease within the distriet^ and shall transmit to 
US a copy of each annual report and of any speeial report. 

Sanituy Xm^eoton— Rule 9.— He shall give immediate notiee to 
the Medical OlRoer of Health of the occurrence within the district of 
any oontagionsy infiBetions, or epidemic disease. 

10. He shaU, subject to the directions of the sanitary authority, 
attend to the instructions of the Medical Officer of Health with respect 
to any measure which can be lawfully taken by an Inspector of 
Kuisances under the Public Health Act, 1875, or under any statute 
or statutes for preventing the spread of any contaf^ous, infectious, or 
epidemic disease of a dangerous cliaracter. 

Public Health Act, 1875. — Earth-closets may be substituted for 
water-closets if the local authority approves, and the local authority 
may themselves undertake or contract with any person to sup[)ly dry 
earth or other deodorising substance to houses within their district 
for use in earth-clo.'^ets (section 37). 

The keeper of a common lodging-house, in the first week of the 
months of April and Ootol»er in each year, ia required to Umewash its 
walls and ceilings (section 82), and to give immediate noMoe to the 
Medical Officer of Health of any case of ftyer or infectious disease 
occurring in the house (section 84), and to give any officer of the 
local authority free access to every part of tiie house at all times 
when required (see^n 85). 

Simihur regulations may be applied to houses let in lodgings. 

The following are the provisions against in/hetion : — 

Where the Medical Officer of Health or any other legally qualified 
medical practitioner certifies that the cleansing and disinfection of any 
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house or part thereof, or of any articles therein, 'would tend to preyent 
or check infectioiu ditfiiMW, it is the duty of the local authoritj to 
give notice to the owner or occupier of the house in question requiring 
him to do the necessary work within a specified time. The person on 
whom the notice is served is liable on default to a penalty of Is. to 
10s. for every day during which he continues to make default, and 
tho Local Authority is required to execute the necessary work, and 
recover the expenses incurred from the responsible party. 

If from poverty or otlier reason the person responsible is unable to 
carry out tho requirements of the local authority, tho latter may, 
with his consent, carry out the necessary work at their own expense 
(section 120). 

Any local mthoritj may direct the deetmction of any bedding, 
clothing, &c, whidi hare been exposed to infection from any danger- 
oas infections disease, and may give compensation for the same 
(section 121). 

The local authority may provide a proper plaoe with all neoeasaiy 
apparatus and attendance for the disinfection of bedding, d^, and 
may there disinfect any articles free of chaxge (secti«m 122). 

They may also provide and maintain a carriage suitable for the 
conveyance of infectious patients, and pay the cost of conveyance of 
such patients to a hospital or elsewhere (section 123). 

Any person suffering from a dangerous infectious disorder who is 
without proper lodging or accommodation, or lodged in a room 
occupied by more than one family, or is on board any ship or vessel, 
or who is lodged in any common lodging-house, may, on the cei titicate 
of a legally qualified medical practitioner, be removed by order of any 
justice to any suitable hospital or place provided within a certain 
convenient distance. Any person wilfully disobeying or obstmctixig 
the execution of this order is liable to a penalty not exceeding XIO 
(section 124). 

Regulations may also be made by any local authority for removing 
to a hospital persons brought within their district by any ship or 
boat, who are infected by a dangerous infectious disorder (section 125). 
Any persim who— 

1. While suffering from any dangerous infectious dis<nder, wilftally 
exposes himself without proper precautions in any street, public places 
shop, inn, or public conveyance, or enters any public conveyance 
without previously notifying it to the owner, conductor, or driver, 
that ho is so sutllring ; or, 

2. Being in charge of any person so suffering so exposes such 

Buficrer ; or, 

3. Gives, lends, sells, transmits, or exposes, without previous dis- 
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infeotioiii any bedding, dothiuc^ iBgi^ or other thugs which have 

been exposed to infection — 

Is liable to a penalty not exceedinj^ .£3, and must also pay the 
amount of any loss or expense incurred in disinfecting the public con- 
veyance which has been entered. 

Every owner or driver of a public conveyance must immediately 
provide for its disinfection after it has been used, to his knowledge, 
by an infectious person, or is liable to a penalty not exceeding £o 
(section 127). 

Any person knowingly letting for hire any house or pert thereof 
in "wMisk hes been any person suffering from infections disease, without 
proper disinfiMtion to the satis&etion of a qualified medical pneti* 
turner, Is liaUe to a penalty not exceeding XSO (section 128). 

Any person who^ when letting a house or part thereof for hire^ 
knowing^ makes a &lse answer as to the occurrence of a case of 
inftcdous disease within six weeks previously, is liable to a penalty 
not exceeding £S0, or to imprisonment not exceeding one month 
(section 129). 

The Local Government Board may make or modify regulations for 
the treatment of persons atfectod with cholera or any other epidemic 
disease^ and for the prevention of their spread, whether on water or 
land, and may prescrii^e by what authorities it may be enforced. 
Publication of such regulations in the Lortilon Gazette shall be regarded 
as conclusive evidence of such regulations (section 130). 

IlospitaU for Infectious Diseases. — Any local authority may build 
hospitals or temjx)rary places for the reception of the sick belonging 
to their district^ or may contract with any person for the reception of 
the sick. Two or more authorities may combine in providing a 
common hospital (section 131). 

The expenses incurred in maintaining a patien^ who is not a 
pauper, in such a hospital, may be recovered from the patient at any 
time within six months of his discharge (section 132). 

Any local authority may, with the sanction of the Local Govern- 
ment Board, provide, or contract with any person to provide a 
temporary supply of medicine, of course including disinfectants or 
antiseptics, and medical assistance tat the poorer inhabitants of their 
district (section 133). 

Prevention of Epidemic Diseases. — Whenever any part of England 
appears to be threatened, or is affected by any formidable infectious 
disease, the Local Government Board may make and modify regula- 
tions for — 

1. The speedy interment of the dead. 

2. House-to-house visitation. 
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3. The proviaion of medical M and aooommodation, the promotion 
of cleansing, yentikting, and dinnfeetioii, and guarding against the 
gpread of disease — 

And maj declare Uieie regulations to be in force in any district^ 
and to apply to any waters within English jurisdictiona (section 134)* 

The local authority within whose district the above regulations are 
in force shall see to their exccutioo, and appoint the neoecsaiy officers 
for this purpose (section 136). 

The local authority and their officers shall have power of entry on 
all premises or vessels for the purpose of executing such regulations 
(section 137). 

The Local Government Board may, if they think fit, require two or 
more local authorities, to act together for the purposes of these provi- 
sions relating to the preremtion of epidenue diseases (section 139). 

A penalty not exceeding £5 is inearred by any person who wflfolly 
yiolates any of the xegnkitions issued by the Local Government 
Board, or wilftilly obstmcts the carrying ont of these regnlatioos 
(section 140)* 

JfertoarMf.<— 'Where the body of any one who has died of any 
infbctions disease is retained in a room in which persons live or sleej^ 
or where any dead body is in such a state as to endanger the {i^™^*— 
<^ the house or room in which it is retained, any justice may, on the 
strength of a certificate signed by a legally qualified medical practi- 
tinner, order the body to ho removed, at the cost of the local authority, 
to any mortuary providetl by them, and order its burial within a 
specified time. If the friends or relations of the deceased do not 
undertake the burial of the body within the time specified, it is the 
duty of the relieving othcer to bury the body, but the expense may be 
recovered from the person legally liable to pay the expense of the 
burial (section 142). 

Fori Sanitary AuthorUiea. — The Local Grovranment Board appoints 
the Sanitary Authorities of Ports firom the nei^bonring local 
authorities (section 287). The port sanitary authority may delegate 
its powers to any riparian authotitj within or bordering on their 
district. The Lord Mayor and Common Council of the City of London 
fbrm the port sanitary authority of the Port of London (section 291). 

The General Order of Looal Gofmmnl Bocid for Fke?8iitiiig tiie 
Spread of Cholera, July 12, 1883, contains the following regulations:— 

1. Every ship is deemed infected with cholera in which there is, or 
has been during the voyage, or during the stay of the ship in a port 
in the course of the voyage, any case of cholera. 

Jiegulatims aa to Detention. — 2. If any officer of customs, on the 
arrival of a ship, ascertain, or has reason to suspect that the ship is 
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inftcted with cliden» lie ihall deUln the ship and Ofder it to be 
nooied or enehored in anoh a position as he may direet 

3. No person must loave the ihip while thus detained. 

4. The officer thus detaining any ship must give immediate notice to 
the sanitary officer of the place where the ahip is detained. 

5. Such detention shall cease as soon as the ship has been duly 
visited and examined liy the Medical Officer of Health, or if the ship 
is found to be infected with cholera, as soon as it ha-s been Tnoore<l and 
anchored in pvirsuanre o{ Arti<*l(> 10 of this onler. The examination 
must be coiunienced within twelve lu)urs of the giving of the notice as 
aforesaid, otherwise the ship shall be released from dt^tention. 

10. The master of any sliip so certified to l>o infected with cholera, 
shall moor his vessel at the place fixed for that purpose under Article 6, 
and she shall remain there until the reqvirementa of this order have 
been duly fUfilled. 

17. All articles soiled with cholera disehaigee moat he destroyed^ 
and all dothing and bedding shall be destroyed or disinfected. 

18. The ship must be disinfected and every artide therein, according 
to the directtons of the Medical Officer of Health. 

Dairies, Gowshedf , and MUk Shops Order of 188S.— AU dairies and 
cowsheds, whether new or not, can only be occupied as long as the 
lighting ven^ation, including air spaoe^ and the cleansing drainage^ 
and water supply are such as are necessary or proper — 

(a) For the health and good condition of the cattle therein; and 
(6) For the cleaiilinoss of all milk vessels used therein ; and 
(<•) For the protection of the milk against infection or contamination. 
It is unlawful for any person following the trade of a cowkee[)('r or 
dairyman, or purveyor of milk, or being the occupier of a milk store 
or milk shop — 

(a) To allow any person suffering from a dangerous or infectious 
disorder, or having recently been in contact with such a person, to 
milk cows or handle mUk vesselB, or in any other way to hdp in con- 
nection with the preparation or sale of milk ; or (() still less himself to 
oflbnd in a similar way. 

"No waterKdoset, privy, urinal, Ac, is allowed to communicate with 
any dairy or milk store, and the mUk store must not be used as a 
sleeping i^wrtment^ nor for any other pnrpose tnoompatible with the 
cleanliness of the milk. Pigs are not allowed to be kept in a cowshed. 
IiOCal authorities may make regulations for prescribing precautions to 
be taken against infection or contamination. The milk of a diseased 
COW shall (a) not be mixed with other milk, nor (h) sold or used for 
human food, and shall not (r) be used for the food of swine or other 
Miimaia until It hss been boiled. 
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Begulation of Bakehouses (Factory and Workshops Acts of 1878 
and 1883). — Where a bakehouse is situated in a town containing over 
5,000 persons at the last census, all the inside walls and ceilings of its 
rooms, and all the pji-ssages and stiirauses shall be painted witli oil and 
varnished with three coats, to be renewed once at least in every seven 
years, and wiishcd with hot water and soap once at least in every six 
months (section 38, Act of 1878). 

1. No water-closet, privy, or ashpit shall communicate directly with 
the bakehouse. 

2. Any dstem fiir supplying water to the lMkelM>iuw aball be Mp»* 
fate and distinot from the oistem supplying water to the watemdoeetb 

3. Ko drain or pipe Ibr carrying ott sewage matter shall have an 
opening within tiie bakehonae (section 15, Act of 1883). 

The occupier of any bakehouse whatever is liable to a penalty if the 
inspector of a local authority satisfies the court of summary juriadiciion 
that the bakehouse is, on sanitary grounds, unfit for a bakehouse 
{section 16, Act of 1883). 

The medical officer q£ health, £»r the purposes of these sections, 
has all the powers of an inspector under the factory and Workshop 
Act, 1878. 

The Housing of the Working Classes Act, 1890, contains a number 
of regulations as to unhealthy areas. The medical othcer of health is 
riMjuired, on complaint from ratepayers, to report on the condition of 
any area complained of as being unhealthy (section 5). Part 11. relates 
to closing orders, demolition, re-housing, and re-building. 

Public Health (Water) Act, 1878 It is the duty of every rural 

sanitary authority, from time to time, to ascertain the condition of the 
water supply witiiin their district^ and to take all the necessary steps 
for this purpose (section 7), 

The Vftoeiiiatioii Acts, ^867, 1871| 1874) prescribe measures to be 
taken far tiie vaodnation or re*TBoctnation of unproteetod persons. 

Burial Begola t lonB. — ^Burials within any place of worship built since 
1848 are not allowed. Ko new burial ground can be opened within 
any city or town, and burials within any existing one may be prohibited 
by order of the Queen in Council. 

Merchant Sb^pillg Acts, 1854 to 1876; Passengers Act, 1855.— 
These contain orders as to the disposition of berths and air space 
allowed per person carried. 

The ventilation must be suflicient, no nuisances allowed, the drinking 
water of gO(xl quality and sullicient in amount. On long voyages each 
person imist drink a daily allowance of lime juice, a3;ainst scurvy. 
Every passrngor vessel on a voyage of eighty days for a sailing vessel, 
or forty-live days for a steamer, when the number of passengers exceeds 
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fifijy or of ono dfty when the passengen exceed three hundred, must 
carry a medical man. In the absence of a doctor, instructiomi are 
given for the captain's guidance in cases of sickness. Captains are 
required to destroy tho clothing and bedding of cholera patients before 

the ship enters an English port. Every passenger vessel must have at 
least two properly arranged water-closets, and suihcient space allotted 

for a hospital. 

Canal Boats Acts, 1877 and 188^ — Rules as to air space, cleanliness, 
and infectious diseases. 

The XnfectiooB DiseaseB (Notifieatlini) Act, 1889^Both the house- 
holder and the mediisil practitioner are reBpenaible for the notiflcation 
of each case of infectiona disease to the medical officer of health ibr the 
district This appUea to any buildings ship^ boat (English or foreign), 
any tesat, Tan, died, or siaular stractore, whether belonging to Her 
Majes^ or not Penalty, forty shillings. The infections diaeasee 
qpedfied are: — Smallpox, cholera, diphtheria, membranous enrap^ 
erysipelss, scarlatina, scarlet fever, typhus, typhoid, enterie, relapnn|^ 
continued, or puerperal fever, and also any infections disease to which 
the Act has been applied by the local authority. 

The Infections DiaemB (Prevention) Act, 1890.— Increased control 
over milk supply is given in section 4, which enacts that if the medical 
officer of health is in possession of evidence that any person in the 
district is suffering from infectious disease attributable to milk suj)plied 
to a dairy within or without thu district, or that the consumption of 
milk from such dairy is likely to cause infectious disease to any person 
residing in the district, such officer shall, after receiving the authority 
of a J usticc for this purpose, have^power to inspect the dairy in question, 
and, if accompanied by a veterinary surgeon, to inspect the animals in 
it If on sneh inspeetion the medical officer of health is of opinion 
that infectious disease is caused from consumption oi the milk supplied 
therefrom, he shall report thereon to the local authority, who shall 
give notice to the dairyman to appear before them, and to show cause 
why an order should not be made requiring him to discontinue supply^ 
ing the miUc If in the opinion of the local authority he fiuls to diow 
saeh cause, the order may be made, and shall hold good until they are 
satisfied that the cause of infection has been reqioved. 

Sees. 5 and G give increased powers of disinfection to the officers 
of the local authority. It is generally admitted that domestic disin- 
fection is of a most unsatisfactory character ; by section G, power is 
given to remove bedding, d'c, for tho purpose of disinfection by the 
local authority at the cost of the latter. 

It is forbidden to retain the lx)dy of any person who has died of an 
infectious disease elsewhere than in a public mortuary, or in a room 
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not nied as a dwelling plaoe, sleeping-plaoe, or work-room, longer than 

forty-eight hoars (sec 8). 

By order of a Justice of the Peace, any person sufTering firom 
infectious disease, and then in a hospital for infectious disease, TOAJ, 
although unwilling, be detained there until free from infection, if it 
can bo shown that he is without proper means of isolation and lodging 
elsewhere (sec. \'2). 

The throwing of infectious rubbish into ashpits, dec, is forbidden 
(sec. 13). 

The local authority is required to provide free temporary shelter 
with the necessary atteiidancc to the members of any family who have 
been compelled to leave their houses to enable them to be disinfected 
by the local antiiority (sec. 15). 

The bodies of persons dying of infeetions diseases in hospitals are 
only aUowed to be removed for the purpose of being fSnrthwith buried 
(sec 9). 

The PnbUo Hetlth Amendment Act, 1800, does not apply to the 
metropolis. It forbids the diseharge of injnrions matter into the 
sewers (sec 16), gives power to regulate public conTenienoes, and 
those in lodging houses, &ctories, or workshops. Rooms over privies, 
middens, or ashpits, are not allowed to be used as dwelling or sleeping 
rooms (sec. 24). It is not lawful to erect a now building on any 
ground filled up with offensive matter, unless the latter is removed by 
excavation, or has become innocuous. 

Urban authorities may make bye-laws fur prescribing the times for 
removal through the streets of oflensive or noxious matters, and for 
providing that the vessels or carts V)e properly constructed and covered 
(sec. 26). The section of the Public Health Act relating to un- 
sound meat is made to apply to articles which have been already 
sold (sec. 628). 

The Public Health (London) Aet, 1801, consolidates and amends all 
previous sanitary enactments. Section 15 says — ^Any person damaging 
or destroying any drain, waterndoset^ or water-supply apparatus, is' 
liable to a fine of £5 (see. IB). 

It is compulsory on the sanitary authorities and County Goundl to 
make bye-laws for the cleansing of streets and prevention of nuisances 
from rubbish, offal, &c., and as to paving of open spaces about houses ; 
and on the County Council to make bye-laws for the removal of filtii, 
dec, in properly covered vessels^ and as to the filling up of cess* 
pools, dec 

The petty sessional court may prohibit the using of any place for 
the keeping of any animal, if it is proved to the satisfaction of the 
court that the place is unfit for this purpose (sec 18). (This 
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section applies to fowl-houses, pigeun-houses, rabbit-hutoiiei^ Ac., and 
the keeping of cats and dogs.) 

B7 aeot&m 83 lemovaJ of house refuse tad street refuse is placed 
iiiid«r the atme category as offensiTe tmdes under i»iv»te oontrol, and 
the sanitsiy authori^ are liaUe to be proceeded against for any in- 
fringement of the bye-laws made by the County Council in this b^ial£ 
The regulation of dairies and cowsheds is placed under the control of 
the County Council (sees. S3 to 28). It is made the duty of the 
ssnitary authority not only to keep the streets swept and cleaned, but 
also to secure the regular periodic removal of house refuse. If after 
finrty-eight hours written notice, when the house refuse has not been 
removed from any premises at the proper period, the sanitary authority 
fail without reasonable cause to comply with thisnotioCi they are liable 
to a fine not exceodin*^ £20 (sees. 29, 30). 

Sec. 48 constitutes a dwelling-house without a proper supply of 
water unfit for habitation ; and by section 49 makes any Water 
Company liable to a fine of £10 if within twenty-four hours after 
cutting off the water supply to any house for non-payment of water- 
rates they do not give notice to the sanitary authority. Every sanitary 
authority is required to make bye-laws for the cleansing of receptadea 
for storage of water for drinking or domestic purposes. 

Sees. 65 to 57, on the notiflcation of infiwtious d ise a se s , make it 
cmnpulsoij on. Medical Ofllcers of Health to send a copy of the 
certificate to any school attended by any child who is an inmate of 
the infocted house. 

Seas. 58 to 81 make onnpulsory the provision of disinfecting apparatus 
and carriages for carrying infected materiah^ free , of diarge, by the 
Sanitary Authority. 

Every Sanitary Authority is required to provide and fit up a public 
mortuary (see. S8). 

Memorandum on Hospital Accommodation— Local Government Board. 
— When two contagious diseases break out at the same time, they 
should each be separately isolated. Tn towns, and for several villaf^es 
of smaller size, there should be provided at least two special wurtls 
with four beds in each, in order that the sick may be isolated from 
the commencement. Proposed plans and sections accompany the 
Memorandum. 

In rural distiioti witiiout a hospital, a trustworthy married couple 
without children may be charged with the. isolation and care of cases 
of infoctious disease. In the event of a more serious epidemic several 
lodgings may be hired, or the sick may be isolated in temporarily 
erected tents or bariacbL Fever hoepitsls in urban districts ought to 
have one bed for every 1,000 inhabitants. In a manufacturing town. 
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-with a very dense population, the proportion ought to be even greater. 
Peimanent fever hospitals are built on the system of separate pavilions. 
ninstrationB and detaik are given in tlie Memonndiim, whicth dtea 
as examples St. Thomas's Hospital, the Herbert Hospital, and the 
Royal Infirmary at Edinburgh. The laundries and mortuaries should 
be in separate buildings. 

In wds for infectious diseases there should be openings for 
admission of firesh air between eaoh bed, a little above the floor, so 
that pure air bathes the patient's bed. They should be furnished 
with a grooved fastening, so that the admission of air can be gradu- 
ated. The openings for the extraction of foul air should be near 
the ceiling, and as remote ns possible from those admitting fresh air. 
They should, unless entering into the chimney breast, be earned 
vertically to tho roof, anfl l^e provided with an aspirating cowl. 
2,500 cubic feet of fresh air should be supplied for each patient per 
hour. The openintjs should ho easily cleansed and froed from dust, 
and protected by an (lutside grating. Every hospital should possess 
a disinfecting apparatus. 

Memorandum on Ambulances. — In the construction, special regard 
should be had to the fact that after each ns^ it has to be cleaned and 
disinfected to the satisfaction of a Medical Officer. 

Bales iinr Hospitals for InllsetioBS Diseases (Local Government 
Board). — ^Amwg these are : — 

(3) Ko penHm is admitted without the permission of the Medical 
Officer. 

(4) No paAient is permitted to leave natil discharged hy him. 

(5) The patient's dothes must be disinfected before being given up 

to him at his discbarge. 

(6) Officers and servants are not allowed to leave without anthorily 
of the Medical Officer, and they must first change their clothes. 

Circular of the Medical Officer (lyocal Government Board). — After 
insisting on the proper ordering of houses, drains, &c., the circular 
contains : — 

"Sec. 4. In the removal of filth during epidemic disease, it is 
commonly necessary to employ chemical agents for reducin:; and 
removing tho ofl'ence or harm which may be involved in the <iisturb- 
ance of the filth. In the removal of privy contents these agents are 
more particularly wanted if the disease be cholera or «iterio fover. 
The chemical agent should be used liberally over all exposed surlkces 
from which filth has been removed. 13 npaved earth dose to dwellings 
if it be sodden with slops or filth, ought to be treated in the same 
way." 

** Sec. 5. Sources of water supply should be well examined. Water 
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from sources which can in any way be tainted hy animal or vegetablo 
refuse, especially those in which tliere maybe any leakage or filtration 
from sewers, drains, cesspools, or foul ditches, ought no longer to bo 
drank, above all where the disease is cholera, diarrhoea, or enteric 
fbrer. If mdbctaiwtely saeh is the onlj w»t«r to be got for the time, 
it mnst be boiled, and then not drunk later than twenty-foor hoars after 
boiling. FQtering of the ordinary kind cannot by itself be trusted to 
purify the water (see p, 15). It cannot be too distinotly understood 
that dangerous qualities of water are not obviated by the addition of 
wine or spirits." 

Sea 6 (after remarks about dairies). . . . **Evczi apart from 

any apprehension of milk being concerned in a particular outbreak of 
disease, it is desirable that Einglish people should adopt the custom, 
which is always followed in some Continental countries, of boiling all 
milk at once upon its reception into a house." 

Sees. 7 and 8 deal with washing, lime-whiting, overcrowding, and 
ventilation. 

8ec. 9 enjoins cleanliness, rapid removal or destruction of refuse^ 
anti avoidance of delay in disinfecting. 

Sec. 10 gives directions as to discharges from the sick Csee p. 233). 
" In enteric fever and cholera the evacuations should be looked upon 
as capable cf eomniunicating an infectious quantity to any night-soil 
with whidi th^ are mixed in privies, drains, or cesspools, and alter 
such dianfection of them as is practicable they should be disposed of 
without delay and under the saliest conditions the local drcumstancea 
permit.'* (It is quite impossible for this to be done by private effort ; 
the evacuations can only be securely sterilised by heat^ and this would 
involve either a steam apparatus or a dust-destructor. The local 
authorities must arrange to remove the evacuations daily in sesled 
iron reoeptades, which must be heated for several hours in steam 
ovens, or steam passed through them, the gases being led into a fire 
and burnt. A small quantity, about 1 in 500, of phenol, or a cresol 
preparation (see p. 170) should be added ; it has been proved that dis- 
infectants, when hot, act with much more energy tlian when cold j or 
mercuric chloride may be used. The residue is tiicn safe.) 

"Sec. 17. Provision by the public authority for disinfection by 
heat of bulky articles, and of those which cannot without injury bo 
exposed to chemical agencies, ought always to bo in remliness." (Such 
provision could be associated with the arrangements for the sterilisation 
of mreta described above. Many of the existing apparatus are not 
huge enough.) " Without such provision no complete disinfection can 
be elfocted. Ftotial and nominal disinfection, b«ides being wastefiiH 
may be mischievous, as giving rise to fiJse security.*' 
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See. 18. This nile oommenda a system of domestie disiii&ctum to 
sanitary authorities ** who have elready provided adequate public means 
Ibr the disinfection and for the disposal of infected matters and things." 
Soiled linen is treated with mercuric chloride solution. 

*'In places provided with proper systems of excrement dispceal, 
excrements of cholera and enteric fever, after having been treated in 
detail with the same disinfecting solution (acidified mercuric chloride 
in ample quantity), may be safely put into the ordinary closet ; but 
6|)ecial care as to the flushing of drains and sewers, and special frequency 
in the removal and exchange of excrement receptacles, must bo insisted 
upon. Where tli(! closet is one that communicates with the cesspool 
or privy pit, the best arrangement for the disposal of infected stools 
that under these improper local circumstances may be found practicable 
will have to be adopted." This rule ought to be reconsidered. Koch 
has proved that mercuric chlondc may easily be insufficient even in 
larger amount than is here recommended (p. 137). The throwing of 
dhol^ excrete, even ''disinfaoted" as here described, into doseti^ to 
pass thence into rivers and streams, might spread the disease tbrough 
an entire neighbouibood. Nothing short of the sterilisation bj heat, 
as detailed above^ is at all certain. 

"A substance generally available in the removal of filth firom privies 
and ashpits, and fiir application to foul earth and the like^ is sulphate 
of iron (green copperas), either in a strong solution made by stirring 
crystals of the salt with five or ten times their bulk <tf hot water, or in 
the form of powder, to which form the crystals may easily be brought 
by desiccation. This agent should be used in quantity sufficient to 
destroy all odour, and in the removal of filth accumulations it should 
be well mixed with successive layers of the matter to be removcfl. 
The dry form of application is to be preferred where masses of wet or 
solid filth have to be dealt with." (But Dr. Thorne himself says : " It 
cannot confidently be stated that either the iron salt or any available 
substance will cfTect a true disinfi ction of such masses of filth as are 
hero in (juestion. The removal of dangerous filth is here the object to 
be attained." It is strongly to be hoped that a protest will be made 
against the reoommendatioii of a plan admittedly inefficient, rince 
removal without exposure, and the subsequent action of heat, are the 
only courses effectmd. Even for temporary removal of standi, there 
are better remedies than sulphate of iron ; fiw lustanoi^ a cresol powder, 
or liquids of the Sanitsa type, or si^wol, or other pyridinoHsontaining 
diainfiMitant) 

"For the disinfection of the air of rooms . . . sulphurous add 
• • . is ordered, and wall paper should be stripped." . . . 

8iiggeitioni of the Sodetiy of Medical OiBcen of Health.— Most of 
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theae have been preTionsI j notML Ibe foUowing are the chief 
pcnnts: — 

« 1, Hang up a aheet outside the door of the side room, and keep it 

wet with a quarter of a pint of carbolic acid, No. 4, or a pound of 
chloride of lime, with a gallon of water. The floor should be sprinkled 
, . . and the cloths hung up.** 

"2. Everything that passes from the sick person should be received 
into ^ pint of green copperas, 1 lb. to the gallon. A like quantity to 
be added before emptying." 

**3. Every sink, closet, or privy should have a quantity of one of 
the above-named disinfectants poured into it daily, and the greatest 
care should be Uiken to prevent the contamination of well or drinking 
water by any discharges from the sick person." 

" 4. All cups, glasses, spoons, &c, used by the sick person should be 
first washed in the abore-named eolntion of carbolie add, and after- 
wards in hot water, before being used by any other person." (It 
would be better to insist that the utensilB used by the sick person 
should not be used by any one else. At the end of the illness, 
they are better destroyed, but if they must be used, they should be 
boiled for an hour or two with water and washing soda, and then 
wiped dry. No carliolic acid is necessary.) 

" 5. All the bed and body linen . . . before being taken from 
the room, should be first put into a solution of carbolic add . . ." 

6. Pre.<)cribes linen garments for nurses, and washing the hands 
with carbolic .soap. 

7. Visitors should not be allowed, as their clothing is apt to carry 
away infection. 

" 8. The scales and dusty powder which peel from the skin in scarlet 
fever, and the crust in small-pox, being highly infectious, their escape 
may be prevented by sniearin^ the body of the sick person all over 
every day with camphorated oil. This and the after use of warm 
baths and carbolie soap are moat easwitial, The sick person must not 
be allowed to mix with the rest of the fitmUy until the peeling has 
entirely ceased and the skin is perfectly smooth ; dotlies used during 
the time of illness, or in any way azposed to infection, must not be 
worn again until they haTO been properly dinnfected " (p. S83). 

9. Directions for final disinfection of the room by burning sulphur, 
and bedding Aa, by heat. The amount prescribed ia not sufficient 
(see p^ 94). 

10. Children from an infected house not to attend school until 
they obtain a certificate from the medical attendants 

11. In case of death the body should not be removed from the 

zoom except to a mortuary ; a pound or two of carbolic powder should 

19 
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1)6 put into the coffin, which shonld be foetened down and buried 
without delay. (Cremation is here to be advocated). 

Model Bye-lAWB of Looal OoTemment Board as to Cleansing, dtc. — 
The following pertain to our Bubject (the wording ia slightly oon> 

densed) : — 

Soc. 1. The occupier of any premises abuttinj^ on a street shall dean 
the adjoinint^ pavonvnts at loa^^t once a day, except on Sundays. 

Sec. 2. He shall remove house refuse from his premises at least once 
a week. 

Sec. 3. He shall at least once in three months cleanse earth-closets 
provided with a fixed receptacle and supply dry earth; 

Sec. 4. Those with a movable receptacle, at least once every week ; 
Hecs. 5 and 6. Privies of either kind, at least once a week ; 
Sees. 7 and 8. Ashpits, whether mize^ with fteeal matter ornot; and 
See. 9. Cesspools. 

Model Bye-LawB aa to NniaaneeB and Animale.— Sec 3. Salt and 
snow must be effectually removed. 

See. 4. Ashes, Ac^ must not be deposited on paths or roadsi must be 
swept up, and must be removed in a covered receptacle, instead of in 
open p^s. 

Sec. 4a. Privies, cesspools, &o., must be emptied within special 
hours (p. 240). 

Sees. 5 to 8. Ashes, Sec, must be removed in covered carts, to 
special depAts, 100 yards distant from houses, every twenty-four hotirs. 

Sec. 9. When tilth is deposited for a'^ricultural purposes, the distance 
from the nearest inhaljited premises must l)e at least 100 yards, and 
the filth must bo forthwith ploughed in or covered with mould 
(ordinary earth does not stcrilist* it, see p. 238). 

Sec. 10. Pigs must not be kept, nor swine dung deposited, within 
100 yards of a bonse, nor so as to pollute a water supply. 

Sec 11. Cattle and their dung must not endanger any water used 
for drinking, domestie, or dairy purposes. 

Sec 12. Begulations as to manure from stablei^ dec 

At to Buildinff*. — Sees. 55 to 59. Rooms and public bnildinga must 
have proper ventilation according to specified details. 

Sec 60. Drains and water pipes must be disconnected from the 
sewer by ventilated tnqpc 

Sec. 62. Regulates the material, diameter, settings jointings and 
course of drain pipes ; and 

Sees. G3, G4, and 6.1 The traps, gratings and ventilating shafts 
which should be carried to the top of the house. 

Sec. 6G. No inlets to drains are allowed within houses. The soil 
pipe miut be at least 4 inches in diameter and be fixed outside the 
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Trailding and oontiiiited upwards without bends or angles to a height 
abore the top windows. All waste and orerBxrw pipes mnst be talran 
through an external wall of the house, and disehaige in the open air. 

Sees. 68 and 69. Watersdosets within houses shall have at least 
one of their sides to an outer wall, must be ventilated, have a special 
ctstem and sufficient flush, must not have a '* container," or **D-trap.'' 

Sees. 70, 71, and 72 relate to earth-closets. 

Sees. 73 to 79. Privies must be 6 feet from a house, 40 to 50 feet 
from any source of drinking water (not suflScient — Netcsfiolme), easily 
accessible, ventilated, the floor non absorbent, raised above the ground 
level, and sloping towards the door (to prevent stagnant water). 
Tlic receptacles must not bo exposi d to rainfall or drainage. 

Sees. SO to S-'). Asiipits nnist be G feet from a house, 30 to 40 feet 
from any well, ie., roofed, cemented, and easily cloanetl. 

Sees. 8G to 89. Cesspools must be 50 feet from a house, 60 to 
80 feet from any well, <kc., ea ily emptied without passing through 
the house, properly cemented, unconnected with a sewer, covered, 
and adequately ventilated (ll spools diould be forbidden where 
there are sewers). 

The model bye-laws as to lodging-houses resemble those of the 
Public Health Act, 187G, with many additions and improvements. 
Those as to slan^ter-houses an in oonsiderable detail. 

Metropolitan Avium's Board.— The disinfeetion of ambuhnce car- 
riages and steamers is done by washing with carbolic acid. 

The hospital linen is soaked in carbolic solution, and then boiled 
and washed (it requires not less than 1 in 20 carbolio to disinfect 
linen ; the solutions usually employed are not as strong as this — ^.r;., 
the one rfconimonded by the Society of Medical Ofticers of Health 
(p. 153) is only ^ pint to a gallon, or 1 in 32. This means that 
carbolic disinfection as commonly carried out is imperfect. In the 
new hospitals clothing is disinfected by steam). 

Legislation as to Vagrants.— On July 10, 1894, a conference of 
^Medical Officers of Health and olIk rs was held at the hall of the 
London County Council to cou^ider whether means could be adopted 
to prevent the spread of infectaous diseases by vagrants. The matter 
is still under discussion. 

8YSTBM8 IN OTHXR OOUMTBIBB. 

In some respeota the sanitary administration of Brussels is superior 
to ours, and compulsory notification has been enforced sinc e 1824. 

Slanghtering is only allowed in the town nhatloirs. The meat is 
inspected and stamped, and the name and address of the owner, and 
destination of the meat, an recorded, with the date and hour ; this 
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arnmgement has leonred almoat perfect proteotioii agaiiist d i e oMe d 
meat* and alio that it should be firash. Even *< offid " most he dressed 
at the dbaUoir and stamped. Daring transport the stamp and certifi- 
cate must be shown when demanded. The control of other foods is 
also much more satisfiMtory than ours. 

The Waggon Sluices used to clean deposits from the sewers travel 
along rails throufjhout their lonp;tli. The deposits being continually 
removed, cannot decompose and produce fcetid gases, and the air of the 
sewer is comparatively pure. 

The corpses of persons having died of an infectious disease are 
wrapped in linen clothes soaked in carbolic acid. The body is then at 
once conveyed to the observation chamber of the mortuary outside the 
town, and is interred as soon us certain signs of death have appeared. 
Special clothes are worn by the undertaker's men, and these are re- 
tamed after use to the station for steam disinfoction. 

Germany has necessarily instituted compulsory inspection of pork 
(see p^ 271)^ and anthonsed inspectors are appointed for this purpose. 
If infested with trichinosis, the fat only can be used, after being 
cooked for three hoars ; the rest of the meat is buried. Tuberculosis 
is also keenly looked after. 

The rules as to corpses and burials are very explicit (see p. 280). 
Corpses must not be exposed in the churches. Ifidwives are forbidden 
to wash or lay out corpses. 

In Berlin only water-closets and movable tubs are allowe<l. Steam 
disinfection is carried out at the Reichemberger Strasso station. 
Mercuric chloride is not used as in Paris, but the walls of rooms are 
rubbed with bread and then washed with 2h to 5 per cent, carbolic 
acid. Various chemical methods of disinfection of excreta are used in 
Leipzig. "The Suvern Mixture" is made by soaking 42*5 grammes of 
quicklime with 102 of water, and adding thereto 8-5 kilos, of coal-tar 
and 8*5 of magnesium chloride in an equal quantity of water ; it is 
diluted with water when used. Half a kilo, is used for each person 
per day. It is mixed with the excreta when remoTed; the miztare 
then flows into settling -reserrcirs, tiie liquids run off into the sewers^ 
and the solid deposit is cleared out about once » year. Palmberg 
states that both the solid and liquid matters are rendered inoffensiTa 
The theory is that the carbonic add devdoped by the ftrmeatalaon of 
the organic matters combines with the lime to cause a deposit of car- 
bonate of lime which encrusts or petrifies the microbes; tiie spores as 
they develop are destroyed in the same way. The ammonia generated 
by putrefaction is fixed by the magnesium chloride, the sulphuretted 
hydrogen by the lime. "The deposit consists of carbonate of lime 
mixed with organic matters ; it is greyish in colour, inodorous, and 
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aseptic."* It is usfless for manure. The process of Friedricli and 
Glass is also much used. The composition of the disinfecting powder 

is not givon. 

In Vieiitici, 'i per cent. cur])olic acid (the least effective strength), 
sulphurous acid fumigation, and steam are the legal disinfectants. 

In Denmark very elaborate regulations are in force, and the follow- 
ing summary may therefore be useful as a model for farther legislation 
in this coimtiy. The roles were proposed by the Boyal Board of 
Health for dismfection, and were carried ont in pursnanoe with tiie 
Act of April SO, 1888^ on measares against the spread of infectioos 
diseases, and are now established in Denmark in Tirtoe of the authority 
▼ested in the Minister of Justice by the said Act. It rests with the 
Boards of Health to supervise the proper canying out of public disin- 
fection; the Boards must also see that the necessary staff and appli- 
ances are at hand, and that the former are properly instructed in their 
duties. It is the duty of the medical man sending in the requisition 
for disinfection to state what rooms or things are to be disinfected. 

Disinfectants. — (1) Boiling in w.itor for at least twenty minutes. 
(*2) Steam under or without pressure in " dihiiiffctini; ovens"; tliose most 
generally used are Reek's and Geneste iV Jlerscher's (see pp. la, 47). 
(3) Carbolic acid in 5 per cent, solution, "strong carbolic water/' or in 
2 per cent, solution, "weak carljolic water," according to tlic piirjtnso 
for which it is used. (1) Chloride of lime is used partly as u powder 
mixed with twice the quantity of clean dry sand, for covering e.\cieta, 
dung-heaps, and such like; partly in strong solution, viz., 4 parts to 
100 parts. To be thoroughly elBdent^ chloride of lime must meet the 
reqoirementB of the Jktnuh Pharmaeopcda, and contain 20 per cent of 
available dilorine, and must be k^t in the dark in corked glass recep- 
tades, which is also the case with the solutions. The solutions are 
prepared best in the following manner :— The chloride of lime is made 
with a little (dean) water to a smooth paste, after which the rest of 
the water is gradually stirred in for thirty minutes. An insoluble 
residue will remain, which may be removed by fdtration, but this is 
not necessory when the solution is only to be used for disinfeeting the 
patients' excreta, itc. The solutions are most efficient when freshly 
made. (5) Mercuric chloride (corrosive sublimate) in a solution of 
1 part to 1,000 ]i;irts of Imiled water should, on account of its poisonous 
nature, Iju only used under the supervision of the sanitary authorities 
or of modienl men ; on this account also no vessels should be used in 
the preparation of the solution from which either man or beast drink 
or eat, nor such in which drink or food is kept. Further, the solution 
1^ meronrio chloride must not be thrown away in places where such 

* PaM»g, p, 
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may give rise to poisoning ; should the solution be used in the disiii' 
fection of any utensil, it must, when the disinfection is finished, be 
carefally removed from the object disinfected by repeated rinsing or 
washing with clean water that has been boiled. A solution of soda 
should be employed for the same purpose in rooms which have been 
disinfected with mercuric chloride (see below). As mercuric diloride 
is decomposed by metals, metallic vessels must not be used in the 
preparation of ih» solution, neither must any articles made of metal 
be disinfected with this agent. 

To prevent mistakes the solution of mercuric chloride may be 
coloured with any dye which dues not injure tlio objects to be disin- 
fected (especially woollens, or silks which easily take dyes), for instance 
the aniline dye, which is at present manufactured in Germany and 
known as Wasscrfj/au, which can 1k' <>lit:un<'(l from C A. KalillKiuni, 
Berlin. A little ac(!tlc acid is rcctmimendcd to be added to jirescrve 
the colour. (G) Ai-ration may be employed to second any of llu' oilier 
agents, or when it is impossible to disinfect in any other way, in which 
case it must be continued for three or four weeks. (7) All worthless 
articles (straw, hay, or seaweed mattress stuffing, old clothes, cloths 
whidi have been used for wiping away infectious discharges, ikc.) 
should be burnt as soon as possible, the necessary precautions being 
taken to prevent the spread of the disease. 

Special Boles for IMaiiifeotion.— 1. The diaehargeB of patients (dejeo- 
tions, vomited matter, sputa» urine) must be immediately mixed with 
tiie strong solution of chloride of lime, or with strong carbolic water. 
It is advisable to pour a little of these disinfectants into the vessel 
before it receives the discharge. The totul quantity of the agent 
employed must be at least equal to that of the discharge. The mix- 
ture should be immediately poured into a tight, well-covered vessel, 
specially used for that purpose, and ])laced in an isolated place; in 
this vessel the mixture is to remain until the disinfectant has acted — 
viz., one hour when a solution of chloride of lime is used; four hours 
when carbolic water is used. This vessel should be emptied daily, 
preferably into a ])it, du<^ especially for that purjH)sc ; if this is not 
possible, into a privy, the contents of the ])it ur privy to be imme- 
diately covered with a hiyer of the mixture of chloride of lirae and 
sand, should circumstances necessitate the immediate emptying of the 
mixture into the pit or privy. 

It should be carefully stirred with a stidc, and the stick left in it. 
If the mixture is emptied into a tnb^ this must be changed daily. 

2. PrmUs. — ^Excreta oontauied in privy pits or tubs should be 
covered with a thick layer of a mixture of 1 part of chloride of lime and 
2 parts of sand. Privy tubs should be fireqnently emptied, and after- 
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vards disinfected with a 4 per cent, soluliou of chloride of lime and 
5 per cent, carbolic water ; ihe i>eat and floor of the privy should bo 
'Washed with one of these disinfectants at least twice daily. The pan 
and pipe in water-closets, as also arinals, should be cleansed at least 
twice daily with one of these disinfectants. 

S. Chiking, — Dirty clothes, bed-clothes, pocket handkerehiels» 
towels, cloths, and such like, should not be shaken or bmshed pre- 
▼ioas to disinfecting. In Denmark the mles in force are as follows : — 

ETorything which can be washed without injury should immediately 
be put into boiling water for thirty minutes, or into 2 per cent, 
carbolic water, or the solution of mercuric chloride, for at least four 
hours ; after being wrung out^ the articles should be placed in a vessel 
full of water, in which they remain until they can be washed. If the 
articles cannot be placed in the ubove-njcntioncd disinfectants in the 
sick room itself, they must only be lukeu fioiu it wrapped up in a 
sheet or sack saturated with - per cent, carbolic water. Clothes 
should not be sent to tlie wjush from infected places, unless they have 
Ijeen subjected to the treat meat above; mentioned, and shoukl not be 
washed until thoy have been boiled for thirty minutes in soap and 
-water. Hay and straw mattresses should be opened after being 
moistened in such a way that their opening causes no dust ; the hay 
or straw should be removed or bumt| the corers treated in the manner 
above mentioned. Persons employed in washing the articles above 
mentioned should, on the comfdetion of their work, disinfect them- 
selves according to the rules given below for the persons engaged in 
disinfection. Everything which cannot stand boiling water or wash- 
ing should be taken in the manner above described to the disinfecting 
oven, to be disinfected witli steam. If this is impossible, the articles 
should be brushed with a brush dipped in strong carbolic water; after 
which they should be aired for three or four weeks in a dry place pro- 
tected from rain — places where there is a draught being preferred. 
iSpots of blood or matter must lie removed by soaking in a cold disin- 
fecting fluid, previous to disinfection, either with boiling water or 
steam. Leather, mumcco, or indiarubber articles (boots and shoes, 
lx)xes, bags, ic), which w ould be injured by steam, .should be carefully 
washed over several times with 5 per cent, carbolic water. 

4. Upholstered furniture, carpets, curtains, and such like, when 
circumstances permit, should be disinfected with steam ; they should 
not be beaten or brushed previous to disinfection, and should be taken 
to the place for disinfection wrapjied in sheets or sadcs saturated with 
2 per cent carbolic water. When it is not possible to employ steam, 
the articles must be brushed with a brush dipped in 5 per cent. 
^ynTK^iiff water (if they can stand it), after which they should be aired 
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for three or four weeks in a dry place, protected from rain ; a 
draughty place being preferred. Polished or carved furniture, pic- 
tures, and articles which cannot stand strong carbolic water, should 
be wiped with soft cloths dipped in 2 per cent, weak carbolic water 
mid wrong out; they should then be Immediately dried with * clean, 
dry doth. Any parts of the above-mentioned articles which are not 
polished or stained, should be washed twice with 5 per cent earbolie 
water; they must be first washed with hot soap and water, should 
they be very dirty. The cloths washed in the cleaning should be 
washed or burnt immediately. All articles which can be placed in a 
fluid without injury, should be boiled or put into a strong or weak 
carbolic water for four hours, according to their nature. Artidee <^ 
no value should be burnt. 

5. RoomSj Carrtag«9f <tc, — The sweeping or dusting of such is not 
permissible. Whitewashed or oil-painted walls, floors, ceilings, 
windows, doors, wainscotting, and other woodwork, should be dis- 
infected with 5 per cent, carbolic water or solution of mercuric 
chloride ; the latter only under supervision (see above). With 
these disinfectants the surfaces should be wiped with cloths or, 
(when they can stand it) should be scrubbed with a scrubbing brush, 
or sprinkled by means of a syringe or spray apparatus constructed 
for that purpose. Plaster walls may also be disinfected by giving 
them a coating of a mixture of 1 part chloride of lime and 2 parts 
water. Such snr&ces as cannot stand washing or scrubbing, for 
instance wall papen^ covers, or fixed cushions, should be sprinkled 
with the disinfectant fluids above mentioned (which do not injure 
many wall papers) or carefiilly rubbed with |neoes of soft bread, 
the crumbs being swept up and burnt Surfaces disinfected with 
the solution of mercuric chloride should be washed over or sprinkled 
with a solution of soda (1 part to 100 boiled water), at least thirty 
minutes after disinfection. Care should be taken that all parts of 
the surfaces to bo disinfected are thoroughly exposed to the dis- 
infectants, and that these latter penetrate into all cracks and holes, 
which, if necessary, should be scraped free from all dirt and dust, 
this being wiped away with cloths dipped in a disinfectant fluid, 
the cloths to be afterwards burnt. Special care should be taken 
in cleansing such parts of the floors or walls as have been soiled 
by the patient s discharges ; wall paper thus .soiled, after having 
been moistened with one ot the above-mentioned solutions should 
be taken off or burnt. Disinfection being completed, the room, 
carriage, Ac., should be left for twelve hours; after which time the 
sux&oes disinfected should be thoroughly washed with warm water 
and soap. Finally, they should be exposed to a thorough draughty 
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if possible for at least a week. In ships, special care should be taken 
as to the disinfection of the bilge. Ships in harbour are disinfected 
according to special rales, under the supervision of thA authorities 
in qnestiim. In ships at sea, the hilge water should be pumped 
out, and the bilge thereafter rinsed out with salt water at least 
iwioe. 

6^ Persons] who haye been in contact with patients suffering with 
infections diseases, should first wash their hands, arms, and fm in 
weak carbolic water or a weak solution of chloride of lime, then in 
warm soap and water. Their clothes and hair should be brushed with 
brushes dipped in weak carbolic water. Persons devoting themselTCS 
Ui the nursing of patients, or constantly staying in the sick room^ 
should, when their task is completed, thoroughly disinfect themselves 
before visiting healthy persons or dwellings. This disinfection should 
consist of thorouf^li wa.sliing of the whole lK)dy, and brushing of the 
hair witli weak carbolic water, or weak solution of chloride of linu' ; 
after which a warm bath slionld be taken, if possible; hnally, clotlies 
free from infection should lie put on. Clothes worn while nursing 
should be left in the infected place. Nurses should carefully wash 
their hanils, first with carbolic water, or the weak solution of chloride 
of lime, and afterwards in warm soap and water, every time they 
hftTB reason to belicTe that infections germs have stuck to them. 
Nail brushes should be used for brushing the nails. CkmTalescents 
should be washed all over the body (hair included) with weak 
carbolic water, or the weak solution of chloride of lime, after which 
thej should take a warm bath, and put on a suit of clothes free from 
inftction, before they mix with healthy persons. The clothes worn 
during illness should be disinfected according to the regulations laid 
down above. Persons employed in disinfrrting rooms, furniture Ac., 
should wear a linen suit consisting of a blouse, trousers, and cap with 
a brim in front and behind, which suit should be disinfected after 
having been used. The persons who have Ijeen engaged in disinfect- 
ing should cleanse their hands, arms, and faces as above prescribed. 

7. Drinking water, milk, beer, provisions, S:c., which have been 
exposed to infection, should Ik; rendered harmless in the most effoctivo 
manner possible. In no case should they be consumed unless they 
have been thoroughly boiled a short time before. Any scraps left 
should be boiled before being eaten. 

The Heport of the Committee cn IHab^eeium ^ ike Amerim PutHe 
HeaUh JsiomolMm, Baltimore, 1885, recommends 

Eor spore-bearing bacteria (s.^., anthnuc)— 

1. Gombustion whereTcr possible. 2. Steam under pressure at 
110* C. for ten minutes (not long enough). 3. Boiling for an hour. 
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4. Chloride of lime, 4 per cent tolution (almoBt iiiflct nnkn arfdifiwit, 

aee p. G4). 5. Mereurio chloride, 1 in 500. 

For non-spore-bearing bacteria (e.g,, cholera) — 

1. Fire. 2. Boiling half an hour. 3. Dty heat at 110* Ibr two 
hours. 4. Chloride of lime, 1 to 4 per cent. 5. Soda chlorinata (p. 63), 
d to 20 per cent, (also almost inert unless an acid is added). 6. Mer- 
euric chloride, 1 in 1,000 to 1 in 4,000. 7. Phenol, 2 to 5 per cent. 
8b Sulphur dioxide for twelve hours, until there is 4 per cent, in the 
air, preferably moist (see p. 92). 9. Oupric sulphate, 2 to 6 per cent. 
10. Zinc chloride, 4 to 10 per cent. 

QuEtrantine.- The arguments for and again.st quarantine, as compared 
with our syst«'m of port sanitary inspt etion, cannot \h- discussed at 
length here, (juuiiuitino has been described as an chiborate system ot" 
leukinoss, and our English nicthod seems to be as effective, without its 
}i;ird.shi|»s. In a couinierciid country, rigid quarantine regulations 
wouUl be fatal to all inLrrciiange of commodities, whilst, if partial 
measures are adoi)ted, there is danger to bo feared from laxity on the 
part of the local authorities, who may rely on these partial measures 
as being complete. With infectious diseases like cholera, in whidi the 
period of incubation is about fifteen days, it is possible for a person to 
arriTO in this country from the Continent and pass the port inapecU<m 
before any qrmptoms of the disease are manifest. It is therefore im- 
portant that the local authorities throughout the country should haye 
adequate provision for dealing with such sporadic cases, and medical 
officers of health receive special instructions from the Local Government 
Board when there is any likelihood of such cases reaching this oountiy. 

In August, 1894, spt rial regulations of this character were issued, 
and diarrhoea was sclieduled as an infectious disease which might be 
reportable to the local sanitary authority. .Special beds at such times 
are arranged for by the Metropolitan Asylums Jioard and other author- 
ities, and instant removal of suspected cases to the various hospitals is 
enforced. 

At the iuternatiunal cunlerence hekl in I'aris in 1894, the following 
precautions were agreed upon : — The convention regulates the pilgriui 
ships from India and Oceania, and the sanitary and police rules under 
which they shall be ; it provides for the watching and care of pilgrims 
in the Bed Sea, and for the protection and sanitary rules of the |dacss 
of traffic in the Persian Qul£ The carrying out of the regulations are 
to be entrusted to a commission, sitting in Constantinople, to whidi 
very great powers are committed. The internal suiitation of Mecca 
itself is left for the present to the management of the Saltan, to whom 
atroog representations have been made.* 

* Brit, Mtd, Jomm,, April 99, 18M. 
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Prof. T)e Chaumont, ol' Netley Hospital, lield that quarantine n'g\i- 
lations were absolutely useless, interrupted business, and delayed 
travellers, without doing any vvid good.* 

The French quarantine legislation is very prolix, ulthougii cunlined 
to three maladies — plague, yellow fever, and cholera. Among the 
precepts is frontier qusrantiiie. For the regulation of maritime quar- 
antinei whidi apparently is the only form possible at the present day, 
the cosst is divided into eleven districts, each with a medical officer 
and proper staff. Each port has an office with agents and subordinates. 
The control is in the hands of district sanitary councils, who, with the 
prefects, prepare reports for the Minister of the Interior. 

Itidjf is the country in which quarantine is most rigid, being in the 
highway to the Levant and India, although cholera almost always 
travels in one well-marked course — through Russia and Ocrinany to 
Hamburg, and thence to England and France. The chief difference 
between the English system and strict quarantine is that ours is only 
rigidly enforced in times of special danger. It lias therefore a chance 
of being loyally carried out, whereas quarantine is a continual vo^tious 
obstruction and is frequently evaded. 



CHAPTER XV. 

METHODS OF ANALYSIS. 

A. Bacteriolocical Methods : TCrrora to which these methods arc exposed — 
Conditions to l>c nhscrved— Determination of tho Antiseptic Value I. Of 
Antiseptics in Solution — Wynter Blyth's Method for Sewage Antiseptics — 
Freeaatiaos naoewary hi these T««ts>-IL Of the Yapoan ot Volatile Liquids 
— ChamberUHid and KXein^ Methods— III. of Gaseous Antiseptios. Deter- 
xnination of the Qerznioidal Yalue: Relative Value of the Culture and 
Inoculation Tests — Kxamination of Disinfectants in Sohition— Dilution 
Methods of Sternberg and Wynter Blytii— Thread Methods— Examination 
of Gases and Vaponrs— Fischer and Froakaner'B Apparatni. B. Chbhicai. 
MsniODS : Keoessity of Analysb— ReqalrementB. Gblorida of Lima : Pre- 
paration of Standard Solutions and Titration. Sulphurous Aold and 
Sulphites. Peroxide of Hydrogen. Boric Acid. Metals. Permanganate. 
Phenol: Estimation of Water — Of Piicnol by Bromine— Of Cresol — Examina- 
tioa of Tar Oils— Csrbolie Powden-^Hagcr'a Glycerine Test— Carbolic Soaps 
—SSUojUo Aoid and other Preservatives in Foods— Tests for Thynu^ Naph- 
thol, Ibc.— Medicated Wools. 

In order to ascertain the antiseptic or disinfectant value of a given 
snbstanoe it is neoeasary to ascertain its effect upon known oiganisms 

* S«mUarif OtmgrtM, Glasgow, 1883. 
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under known conditions. In dealing with commercial products it is 
always desirabie to ascertain their chemical composition and the rela- 
tive amount of the active ingredients preaent A foil analjsis is in 
nanj cases of valuer since there is abundant evidence for the belief 
that when an acttTo substance is mixed with others the germicidal 
▼alue of the mixture is modified. It is impossible to explain the 
extraordinary results which have been obtained when two or more 
chemical substances have been used together in any other way. The 
probable cause of this phenomenon is the selective affinity which 
different micro-organisms exhibit towards different chemical G<mk- 
pounds, so that, in addition to the cumulative effect of the several 
constituents present, there is a further toxic effect produced by their 
simultaneous action. 

A. BAOTEBZOLOGIGAZ. METHODS. 

The principles which underlie the nieth(xls employed in the bac- 
teriological investigation of the value of antiseptics and disinfectants 
arc of extreme simplicity. The conditions under which the deter- 
minations of efficiency are made have, however, a very great influence 
in modifying the results obtained, and unfortunately sufficient care 
has not, in the pastj^ been taken to specify the conditions of experi- 
ment with exaotnessy nor has it be«i recognised that the xeUtive 
values given for the efficiency of antiseptics and germicides are only 
to be accepted for the given experimental conditions. While the 
experimental methods onployed have had general resemblance, they 
have varied infinitely in details, so that the results obtained by diffsrent 
observers are vexy rarely strictly comparable. The danger of neglect* 
ing the ccmditions is especially evident when attempts are made to 
apply certain experimental results to the actual practice of disinfection. 

The earliest investigations were chiefly directed to ascertain the 
antiseptic value of various agents by observing their preservative 
action on putrescible animal and vegetable infusions. To the in- 
fusions, sterilised by boiling, various proportions of the antiseptic 
were added, and the dose necessary to prevent ])utrefaction, or the 
period during which putrefaction was averted, was noted. The in- 
fusions were exposed to the air and compared with similar infusions 
untreated with the antiseptic. The materials used as tests were very 
various such as beef-broth, milk, urine, infusions of bay and turnip, 
or pastes made of bread, potato, «l:c. The occurrence of smell and 
turbidity indicated the fidlure of the antisepUc to prevent decomposi- 
tion. The oonverse experiment^ which was a erode attempt to 
determine the germicidal value of the disinfectant* was also employed. 
A fluid in which putrsfiMUon was already well established was treated 
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vith the aatuMpiic in known proportiom for a known time, and drops 
<tf the putrescent fluid were then used to infect fresh sterile, bat 
putrescible, media. If these materials decomposed it was evideace 
that the antiseptic had failed to sterilise the original fluid. The enon 
to which these methods are exposed are — 

1. An unknown mixture of micro-organisms is experimented with. 
It lias been abundantly shown that an antiseptic has very varying 
etlectH on varying microbes. 2. The presence or absence of spores in 
the inoculating mixture is unknown. 3. When the inoculation is left 
to aerial contamination the time of infection is not known. 4. The 
infecting mixture may not be identical in the experimental and control 
media. 0. Odour and turbidity cannot always be relied upon to 
indicate the first ooourrenoe of mierobio growth. 8. In wmdacting 
ezperiments in which the already putrescent floid is used to inoculate 
frc»h media it is impossible, since it is not known what Tarieties of 
organisms are present in the inoculating fluid, to be sure whether the 
seoondarj growths are caused by the inoculation or are the result of 
accidental contamination. Koch in his classical researdies on the 
value of antiseptics pointed out these objections, and insisted that the 
experiments should be made with pure cultures of microbes, whose 
condition as to spore formation was accurately known and which could 
be used to artificially inoculate the test fluids with a known organism. 
Many pitfalls have since been discovered, but accurate experimental 
work dates from these researches. 

The bacteriological examination of antiseptics and disinfectants is 
directed to ascertain — 

1. What retaidini^ or inhibitory influence the a<:,'ent exercises on 
the growth of a specific micro-organism — i.e., wiiat is its antispptic 
power. 2. What efliact it has in diminishing the virulence of patho- 
genic germs. 3. In what dose and in what time it will cause the 
death of the microbe ; what is its germieichl value. Modifioatiions of 
virulence under the action of antiseptics, though most important, have 
only hem determined for a small number of micro-organisms. For 
practical purposes the desirable end is to cause the death of the 
infective agent, not simply to modify it. The experimental methods 
vary according to the phyncal cMidition of the disinftctsnt, whether 
it is employed as a solution or as a gas. Though solid antiseptics are 
employed it is only after solution that they are efiidctive. The relative 
efficiency of antiseptics and disinfectants is expressed in terms of the 
dose and the time of action required to produce a given effect. 
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DETERMINATION OF THE ANTISEPTIC VALUE. 

I. Examination of Soluble Antiseptics in Solution. — (a) A series of 
flasks or test-tubes containing suitable culture fluids is prepared. To 
certain of these flasks known quantities of the antiseptic to be tested 
arc added, while others are left as control flasks. After sterilisation 
the flasks are inoculated with the te-it organism and placed under 
suitable and similar conditions of temperature, aeration, i^'c. If the 
maximum antiseptic power is to be measured, then the conditions 
under which the flasks are placed must be those most favourable to 
the groMTth of the oi^ganism. As the only TariaUe factor in the two 
series of flasks is tbe presence or absence of the antiseptic, an j retarda- 
tion or inhibition of growth most be due to this variant. The 
oocnrrenoe of growth is determined by changes in the appearance 
of the media and by microaoopio examination. (6) Wynter Blyth * 
w^gpated a method, intended chiefly to gange the Talue of an 
antiseptic for sewage purification, in which the proportion of microbes 
remaining alivre after a given time of action of the antiseptic is esti- 
mated by culture and enumeration of colonies. Sewage or sewage* 
contaminated water is treated with a known proportion of the 
antiseptic, and at varying periods known volumes of the mixture are 
withdrawn and inoculated into definite volumes of liquefied gelatine 
medium. After tlioroiigh mixing plate cultures are miide in Petri 
capsules. The cajisules are placed under suitalile conditions, and the 
numl)cr of colonies winch develop are counted. If parallel experi- 
ments are made with two or nion' antiseptics the relative ctKeioncy is 
in inverse proportion to the number of colonies found in the cultures. 
In this method it is assumed that the number of organisms inoculated 
is approximately cquaL The plan has the usual dindvantages attadi- 
ing to the gebidne plate method. 

PreeauUoiu, — ^If the antiseptic is voUtile the culture fluids must be 
first sterilised by heat, and then the antiseptic added by means of a 
sterilised pipette. It must not be assumed that because growth does 
not appear so readily in the flasks contuning the antiseptic as in the 
control, that therefore the proportion of antiseptic is sufficient to 
arrest growth. The flasks should be kept for not less than two weelts 
{Slemher>/), as after long periods of retardation the restraining power 
often breaks down and copious growth takes place. The principal 
iiMtors which cause variations in the efliciency of tlie antiseptics are — 

(1) Chnnff in the .lfirrohr.<i c.rperiimntcil with. — Certain microbes 
have a peculiar tolerance towards certain antiseptics— f.^., B. iyphosui 
and iodine trichloride. Others are much aflected by the acidity or 

* Proc. B9jf, Soc, 1886. 
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■Ikfclinity of the medimn, and the change in reaction due to the added 

antiseptic may be the cause of variation. 

(2) Change in the Medium. — A diminution in the nutritive valno of 
the moclium will apparently increase the antiseptic power. The chief 
elfect of chnnije of me<lium is, however, due to chjinges which occur 
in the clictnical reactions between the antiseptic and the constituents 
of the niediiitn. All antiseptics which form precipitates with albumens 
have their etlicieucy diminished when an all»uiniiious fluid is em|)loyed 
-—^.g., llgClg, AgNOg, «fec.; and, similarly, any substance which by 
precipitation diminishes the available amount of soluble antiseptic 
prceent— tf.^., Nad with AgNO^, or H^S with HgCU— will greatly 
diminish the apparent activity of the agent. 

(3) Change of Temperatttre, — This factor acts in two opposite diree- 
tioofl. An incMMe in temperature vp to the optinwm tempwatore 
of growth of the microbe is fiirourable to the micro-orgpuiism, but 
the rise of temperatoie also in<»«aBea the activity of the antiseptic. 
Which factor will prove most active can only be determined ex- 
perimentally. 

II. Ezammation of the Vaponrs of Volatiie Fluids. — The principle of 

the methods employed is similar to that described for solutions. 

(a) Chambfrfamra }ff'thod* — A U-tube similar to tlutse used for 
antcrobic cultures is employed. Into one limb the volatile fluid is 
aspirated, into the other the inoculated culture jiiedium. The tubes, 
are then sealed. The space above the fluid becomes saturated with 
the antiseptic vapour. The occurrence of growth is determined as 
lx»fore. 

{b) Klein's Method.f — Short and wide tubes are prepared containing 
sterile agar medium with tiie usual sloping sur&oe; The volatile 
antieeptio is placed on the side of the tube <^posite the agar, and the 
exeeee runs to the bottom of the tube. The agar is then inoculated in 
its upper part, well away from the fluid and the tubes, ^htly plugged 
and, if necessary, capped with an india-rubber cover, and kept at a 
suitable temperature^ The efficiency of the antiseptic is evidenced by 
the absence of growth. 

III. Examhiation of Gaseous Antiseptics. — The methods will be 
deeoribed when dealing with the germicidal value of disinfeotanta 

DETERMINATION OF THE GERMICIDAL VALUE. 

Fiindple of the Methods.— The disinfectant is allowed to act for & 
known time in a known strength on a pure culture of a micro-organism. 
The disinfectant is then removed, and the death or continued vitality 

* Ann. Inst. Pastmr, vol. i., j). IC>3. 

t BrU. Med. Joum.^ 1694, vol. i., p. 375. 
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of the orj^aTiism determined by (1) the capacity to produce fresh cul- 
tures, or ( 2) the power to produce a pathogenic effect when inoculated 
into susceptible animals. The objects to be attained are: — (1) The 
perfect exposure of the organisms to the action of the disinfectant. 
In order to ensure this condition the organisms should be in suspension 
or exposed in a very thin layer, and care should also be taken that 
the microbes arc not coated vi^ any layer, such as oil, which would 
neehsDically prevent tbe Mtioii of the diiinfeeteat. (2) The perftet 
remoTal of the disin&ota&t from the ofganisms whoso vitality is to be 
tested. The yarious modifications in the experimental methods are 
chiefly directed to this end* Seppert baa shown the great difficulty 
that there is in freeing the ofganisms from adherent material, and also 
the enormous influence that infinitesimal doses of disinfectant may 
have in retarding or hindering growth. This is especially marked 
with regard to ^e germination of spores. Seppert experimented with 
anthrax spores and mercuric chloride^ and demonstrated the different 
results obtained according as the mercuric chloride was simply washed 
away or removed by precipitation with ammonium sulphide. He also 
showed that the amount of mercuric chloride requiretl to prevent the 
development of spores which had been exposed to tiie action of the 
disinfectant was very much less (only 1 : 2,000,000) than the proportion 
required to produce the same effect on spores which had not been so 
exposed, and that the longer the exposure the less was the amount 
required. 

Bdattre ▼alnfl of fhe Cnttun and IbocolaUon Tests in the Deter* 
adnatlni of the YUMitj of the Bistofeeted Oigudms.— Opinions diffv 
very considerably on this point There can be little doubt that for 
the determination of the continued vitality of the organism the culture 
test is the more delicate^ and for this reason, as well as for the otm- 
saderations of economy and convenience^ it is the one nsnally employed. 
For determining alterations in the virulence of the microbes, the in- 
oculation test is the only one available. The great objection to the 
animal inorulation test is the fibct that exposure to the diainiiBOtant so 
modifies the virulence of the organisms that they no longer produce 
their pathogenic effect, though they retain their vitality. There is 
no certainty that these non-virulent organisms may not give rise on 
germination to virulent growths, and therefore, for practical purposes, 
the death rather than the alteratioi; of the organisms is to be desired. 
An animal which has been used for an inoculation test cannot be 
employed a second time even if it has apparently not suffered any ill 
effects, as a condition of insusceptibility, a vaccination, may have been 
produced by the first inoculation. 

Kmmination of DislnfiMstaott in SdutioiL— -i>iAc<Mm JfsCAodk.— Then 
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are several methoda, rarjing in detail, in which, after exposnre of the 
oiganisma to the action of Uie disinfectant^ a small pwtioii of the col- 

tnre is removed and inoculated into a relatively large yolmoe of a 
nutrient medium. The dilution thus brought about is trusted to 
reduce the amount of the disinfectant carried over below the amount 
which would cause inhibition of the growth. If thought advisable, a 
second inoculation, with consequent further dilution, may be made 
from a primarily infected culture. It is obviously important that 
Huid media should be used for the culture test, or otherwise the re- 
moval of the disinfectant is not secured. 

(a) Sternberg s Metltod. — A known volume (5 c.c.) of the standardised 
disinfectant is added to an equal volume of a iiuid {bouillon) culture of 
^e micro-organism. After exposure for a given time a small portion 
of the mixed oolture is «itlidravn and iaoeolated into a soitaible 
culture medium. The results are calculated as produced by a disin- 
feetant of one half the strength of the solution added to the culture. 
Either the time of exposure or the strength of the sdn^n can be 
made the Tariable factor. 

(6) The Drop Method {Wyntar Ji^).— Sterilised distilled water is 
infected with the test organism, and measured volumes of the infected 
water are added to known volumes of the disinfectantb After a given 
time a drop of the mixture is added to 1 0 to 20 grammes of liquefied 
gelatine medium, and the growth watched. Bouillon is a more suit- 
able medium, as many pathogenic germs grow slowly at temperatures 
at which gelatine remains solid and retains its distinctive advantages. 
BonHl<jn has also been shown in Mi(juel s experiments to give greater 
opportunity for the growth of organisms whose vitality lias l)een re- 
duced than the s<»li(l media. If it is desired to use micro-organisms 
from cultures in solid media, the growth is scraped oflf with a wire 
and suspended iu sterile distilled water. Such suspensions, filtered to 
remoTo flooculi, are employed advantageously, because Uie disturbing 
effects of varying media and the presence of precipitates are avoided. 

THb Thread Method.— -TiM is often known as Ko^*e method, as it 

was employed by him in examining the action of antiseptics on the 

spores of BaeiUue anihraei$» Sterilised silk threads were soaked in 

cultures containing anthrax qwres (or, better, suspensifms of spores 

in sterile water) and dried. The threads were allowed to hang in the 

disinfectant for the desired time and afterwards withdrawn, washed 

in sterile water, and inoculated either into animals or fresh nutrient 

media. Koch employed solid media for his inoculations. This method 

has been much used, and possesses the advantage that the disinfectant 

can be got rid of by washing. If fluid media are employed for the 

test cultures it possesses also the advantages of the dilution methods. 

20 
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When employed far non-Bpore-beaxing orguusiiui the mtermedwle 
dxying should he omitted, as that itself will diminish the yitalitj 
of many organisms in the yegetative form, Snspensions in sterile 
-water are preferable to fluid cahares in which to soek the threads, aa 
the (often albnminoid) medium forms a ooating when dry which 
protects t}ic organisms. In all cases eontrol experiments must be 
made in which threads are treated, just as are the test threads, except 
that sterile water is substituted for the disinfectant. Instead of 
threads platinum wires have been employed, and Blytli has suggested 
the use of small plugs of sterilised cotton wool attached to capillnry 
glass rotls by means of sealing wax. There must be some ditiiculty 
in securing enk-ient sterilisation of these mops. 

Examination of Gases and Vapours. — The method of Chamberland 
described above is equally convenient for the detenu iiiat ion of the 
germiciilal action of the vapour of essences, volatile oil.s, lic. Instead 
of an inoculated medium a suspension of a given microlie is aspirated 
into one limb of the tube, and after exposure for the denred time a 
drop of the culture is withdrawn for inoculation. It must be remem- 
bered that unless the gas or vapour is sfduble in water only the snr&oe 
Is exposed to the action of the disinfectant. When it is not required 
that the proportion of a gaseous disinfectant present should be known, 
or. when the effect of a saturated atmosphere is to be tested, the miero> 
organisms, either on threads, or in very thin layera on 8t«nle oover 
glasses, or on sterile filter paper which has been dipped into cultures 
or water suspensions and allowed to dry, may be expo.sed under a Ijell 
jar to the action of vapour evolved from a capsule of the volatile 
disinfectant also placed under the jar. Test-tubes with bulbous ends, 
such as are used for p<itato culture-', may also be conveniently employed, 
the disinfectant being placed in the bulb. The threads, cover glasses, 
&c., are used to inoculate culture media either directly or after 
washing. 

Fiaclirr and ProsJcanei's ^fcth(^d* — These two obsen'ers made a 
aeries of very complete investigations on the action of several gaseous 
disinfectants, including sulphurous acid and the halogens. Their 
apparatus consisted of a 20-litrB very wide-mouthed jar, through 
whose stopper tubes for the delivery and exit of gas were passed. 
Both tabes were provided with taps, and the exit tube was fttmiahed 
with a series of absorption bulbs. A thermometer also passed through 
the stopper. The centre of the stopper was itself perforated and 
fitted with a large india-rubber cork, through which passed a glass 
rod, carrying a series of glass shelves on which the objects to be 
disinfiBcted could be placed. Such an apparatus permita of the az- 
* iiUk auadim K. Ownd., Bd. IT., 1884. 
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potnre of test objeett to the aetion of the dkinliNting gas under the 
Bioet diTene conditloiis, end also allows the amount of the gas preient 
In the apparatua to be determined. 

Moat of the oonditioaB which afibet the determinationB of anti- 
septic and germicidal Talnea haTo been already considered, bnt 
there is one factor which is not under experimental control, and 
which imparts an element of uncertainty into the results. This 
factor is the Tariation in vitality and resistance of different specimens 
of the same micro-organism. In any cnltare there is a rather wide 
range of variability in the individunl orc^anisms, and this rans^o of 
variability is incioasetl it' tlio cultures uro not of the same age and 
grown under the same conditions on the same medium. The age 
and nature of the culture should always bo specified, and this 
clement of variability eliminatt-d so far as possible by multiplying the 
experiments. It is obvious that the methods detailed above must be 
varied as the problems to be solved differ ; but the principles to be 
kept in view, and which have been insirted upon, are constant ; while 
the errors to be avoided are also very similar in every investigation. 

& OHBMTOATi ]fXTHOD& 

As already pointed ovt, a fall chemical analysis of a given disin- 
ibotant is desirable, owing to the inflnenoe of foreign substances upon 
its germicidal value. In many cases in which the active ingredient is 
vidatile, it is necessary to test from time to time the chemical strength 

of the material, as there have been several instances in which neglect 
of this precaution has allowed the use of a disinfectant which has been 
found to be of no valne in preventing the spread of the infection 
through deficiencies in its activity having arisen either by storing or 
the culpability of the vendor. The methods of analysis obviously 
depend on the kind of 8ubstanc<? to be employed, and may frequently 
involve much labour and skill. It is extremely important, however, 
that all disinfectants should 1m» purchased on analysis, and tliat samples 
should be taken froni bulk after tlu? order has been executed, in order 
that the medical officer may be assured that the material is equal in 
strength to that which has been proscribed. It would exceed the 
scope of this chapter if all tiie methods which might be of service were 
described at length. A selection has tiierefore been made of some of 
the qoan t i t ati v e tests whwAk may be of use in idontifying an unknown 
disinfectant. 

For any exact analysis^ a laboratory, and sueh special akUl, know- 
ledge^ and training as no engineer or medical man can po s s e ss, is 

indispensable; hence such questions should be referred to a oonpetent 
chemist. But there is always an advantage in being able to 4^uokly 



Digitized by Google 



308 * DIBIVFBCTION AND DISINFECTANTS. 



and roughly detennuiB &cton like the strength of ehloiide of lime, ke. 
It has fthreody been pointed out that disinfeetion in ignonoioe is almost 
wotse than no disinfeetion at all. 
In the following sketch for the simplest pvooesses for testing the 

most important disinfectants, a knowledge of elementary quantitative 
analysis is assumed. Further details will be found in the various 
manuals on analysis. The IbUowing is a typical example of methods 

of procedure : — 

Chloride of Lime. — As already explained (p. G3), tlio available 
chlorine is that existin<; as hypochlorite, Ca(C'10)._, ; this easily breaks 
up into chloride, CaCl.,, and fri^o oxygen, O.^. The usual way of esti- 
mating it is by staiidanl solutions of iodine and arscnious acid, using 
starch as an indicator. The latter is not permanently blued until all 
the arsenious acid has been oxidised to arsenic acid. 

All volumetric solutions are usually made decinormal — one-tenth 
eqnivalfmt in gramnMS of the aetive agent in one litoe ; then 1 e.e. is 
equivalent to 1 cc. of another. 

Jodim SoltUion, — ^Dissolve 12*65 grammes of iodine, mixed iritfa 
abont 20 grammes of potassium iodide, in a litre of water. 

Argenunu iSIrfuluwi.— 4*942 grammes of pure arsenious oxide and 
20 grammes of sodium bicarbonate are dissolved in a litre of water. 

Take 10 grammes of ohlcnide of lime, triturate it in a mortar with 
successive small quantities of water, and transfer the whole gradually 
through a funnel into a stoppered litre flask. For each determination 
take out 10 CC. of the well-shaken turbid fluid (to decant the clear 
solution gives a lower result — Frrsfntuft), o<jual to a decigramme of the 
powder. Add from a burette the arsenious solution in slight excess — 
i.e., until a drop ceases to produce a blue spot on ozone pajicr (KI and 
starch). Then add fresh stiirch paste, and run in iodine solution from 
another burette until there is a slight permanent blue colour. The 
numlxjr of cubic centimetres of iodine solution required gives the 
number of ac. of arsenious solution that have been added in excess ; 
subtract this from the total added, and the number of c.c. of the 
atandaid arsenious solution which are equivalent to a decigramme of 
the chloride of lime is obtained. 

Each 0.0. of the decinormal arsenious add is equal to Yoljys ^ 
an equivalent of available chlorine, or '00354 gramme. 

The iodine solution should have its strength deteiinined by the 
arsenious add befinre each series of experiments. It keeps fiurly well 
in the dark. 

The same method can be used for the examination of chlorinated 
soda and potash, Hermite liquid (p. 67), bromine and iodine water, 
tincture of iodine^ chlorine' water, and indeed most oxidants. 
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BnlpUtes and Solpharoiu AhU^IIm Mlution mnst be very dOnte 
contAining not mora than 0*06 per cent of SO, (Bunsen), then Iodine 
oonyerts lolphiiroiis add into snlphttrie. If ralphite powden are 
examined the method ia ezaetly aa with cUoride of lime, omitting the 
aneniona eolation, but adding atarbh paate and ranning in iodine 
eolation antil the permanent bine tint ia obtained. 1 e.a o£ iodine 
gramme of 80^ 

The same process answers for most redaeing agents, such as sul- 
phuretted hydrogen, bat not for ferrooa siUi^te, which ahoald 
be determined by standard permanganate. 

To test for the presence of sulphites in food, two portions should be 
strongly acidified by dilute pure sulphuric acid, and over each a piece 
of paper moistened with lea<l acetate should l)e suspended. To one 
should be added some pure granulated zinc, so ixa to o]>tain a slow 
evolution of hydrogen. If much frothing occurs, water must be added. 
The two are left for half an hour in a warm place. If the lead paper 
be blackened only over the one containing the zinc, it proves the pre- 
sence of salphite ; if both papers be blackened, the blackening is due 
to other salphar oompoonds, and the test ia worthless. 

?0radde of Eydnguk is marked in commerce " 10 or 20 ▼olames/'' 
meaning the number of times its Tolame of oxygen that is given off 
when it ia treated with peroxide of manganese. An eaqr way of 
ascertaining thia is aa follows :~ 

A flaak with cork and delivery tube ia arranged to deliver the gaa 
into a graduated measaring tobe holding 200 c.c. filled with water 
and inverted in a basin or pneumatic trough. 10 c.c. of the hydrogen 
peroxide solution an measured into the flask. About a gramme of 
iinely-powdered manganese dioxide is wrapped in a {nece of paper, 
slipped into the flask, and the cork at once replaced. On shaking, tho 
available oxygen is evolved. By warming the flask the last of the 
oxygen is removed, and is then measured. It can, of course, be calcu- 
lated into weiglit. A rough idea of the (juantity may also be obtained 
by adding to the diluted solution in a test-tube a few drops of 
potassium dichromate, then dilute sulphuric acid and ether. The 
intensity of the purple colouration of the ether layer is compared with 
that produced by a sample of known strength. This cannot be recom- 
mended except as a qualitative test. 

Boiio Add. — ^A quantitative determination is tedious, bat its pre- 
sence in milk, &a, may be ascertained aa follows : — ^Evaporate a large 
measured quantity (say 2S0 ca), rendered alkaline by lime water to 
dryness, and bum to ash. Warm the ash Ibr some time with a little 
water containing a drop of ammonium chloride, and filter. Acidulate 
the filtrate just fiuntly with hydrochloric add, and spresd it on a sheet 
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of tmmeric paper specially made as follows : — ^Digest tormerio toot 
with rectified spirit^ filtor, float a aheetof wzitiiig paper on the eaEtrasfe^ 
then dnift and dry it ao that it haa a imi&nn dear yellow ooatiiig. 
The ^ot ia caiefolly dried over a wateK43ath ; if tone add be pfeaeat 
tbere will ho a voae>ved odoanitioD, turned dark dull bine hj weak 
aoda aolutloin. 

A few metals can be determined by volametric processes, bat as a 
nde, methods of precipitation and weighing are adopted. It will be 

rarely necessary or feasible to undertake these, Jis solutions of known 
strengtli can easily be made by dissolving the calculated (juantitiea of 
the salts bought on a guarantee or on the analysis of a chemist. 

Permanganate (Condy's Fluid). — A known volume of a decinormal 
solution of oxalic acid is placed in a beaker or porctdain dish, rendi retl 
strongly acid with dilute sulphuric acid, and the permanganate solu- 
tion, properly diluted, run in from a burette until a permanent pink 
tinge ia produced. The reaction ia~— 

Therefore 5 equivalenta of oxalic add require for oxidation I equ* 

volent of permanganate, equal to 5 atoms of available oxygen. 

Phenol. — Water is estimated by shaking the sample in a graduated 
tube with half its volume of a saturated solution of common salt. 
The diminution of volume of the phenol indicates the amount of water 
present. "Calvert's No. 1" contains none, crude acids often contain 
10 to 17 per cent. Anhydrous cresol shaken up with three volumes of 
brine gives an increase of voIuuk" of about 5 per cent. If the cresol 
contains water, its volume either does not alter, or decre;uses slightly. 

2'o Determine the Flienol. — Shake up bromine with water at 20* C* 
To determine the phenol-equivalent of tho bromine water, a sample of 
Oalvert'a 1 add (crystals) ia boiled for a short time to remove 
tracea of moiatnre, 0*25 granune weighed into a well-stoppered flaak 
and diaaolved in 100 cc. of water, the bromine water mn in fron a 
atoppered burette^ with constant shaking, until there is a good ezceas, 
as ahown by the colour. After half an hoar's atanding, if the excess 
haa diai^peared, more bromine moat be added, and the mixtnre again 
shaken and allowed to stand ; tlie total amount added must be care- 
ful ly noted, excesa of potassium iodide is a<lded, and the amount of 
liberated iodine ascertained by standard thiosulphate and starch in the 
well-known manner. This free iodine corresponds to the bromine in 
excess ; deduct tliis from the total bromine added, and the amount of 
bromine water necessary to precipitate 0*25 gramme of pure phenol is 

*Badi a solution koepo bottsr tiian water latiirsted with bRNniae b the oold, 
•ad msybo pna s t io d in well- s t op psred bofttias ia the dadu 
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iiHwiiiml It is tlm easy to cmlffnlate the pheiiol-«qm^«kMl of eaek 
«nbio oHitiiiietre of th« bromine aoliitiML 

CfH^.OU 4- 3Brs = CtHsBr<.OH + 3HBr. 

Tlw opecBkion rapoated witk the Mmplo under BTiiwitioii ffwm tho 

I&enol strength. 

Samples oontaining eresol and hi^er phenols would require pro- 
portionately bromine, so the result would be lower tlian the 
troth, if the bromine equivalent is calculated to phenoL Another 
process consists in determining the solidifying point of a mixture by 

cooling it in a narrow tube and adding a minute crystal of pure 
phenol to aid the solidification. The melting point is tlieu compared 
with ready-made mixtures of known composition (or with a table). 

It is possible to collect the tribroiiio-pn t ipitate on a filter paper. 
Tribromophenol is crystalline, tribromocresol and the others are li(juid j 
hence the latter soaks into the paper, ami tlie two can l»e septirately 
weighed. The liquid portion should be calculated as cresol and higher 
homologues. 

Fttactional disttUstion of the phenoloids gives doahtfol zesolts as 
their boiling points are too near one another. 

Tv FlrepanlUnuk-'The lagredienta of these maj be dhrided into 
four groups : — 

1. NmttnA bodies not eomUiung with aoids or sHralici^ divided 

(a) Light oilsy eontalning bencenc and the hemologuss. 

(b) Heavy oils, containing naphthalene, anthracene, &c 

The antiseptic value of these is slight They are classed as neutral 
tar oils. 

2. Bogie bodies, combining with acids — e.g., aniline, pyridine, «tc. 
As their antiseptic value is high thoy may with advantage be present 
in disinfectant fluids. The commercial importance of aniline has led 
to this group being extractt.-d in making phenol and cresol pr«?para- 
tiozxs. Hence there has been a reaction in favour of crude coal-tar 
preparations, instead of the purely phenol compounds that were 
formerly almost exclusively in vogue, although the neutral bodies in 
Idle fixRner are undonbtadlj of little valae. 

3. FhmoU, soluble in alkaliea, but not really add bodies (p. 149). 
The valuation of those prcparati<»is is based on the proportions of 
these constitiieniSL 

A. 10 C.& of the oil are taken in a gradaated tube, 20 ce. 6^ 10 per 
cent, eaastio sod» added, and the whole well shaken, and allowed to 
stand. The phenoloids dissolve^ while the neutral (and basic) sob- 
staooes ooDeet as an oily Isyer; below, if they are hevryoib; at the 
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top, if they are light <A\b, If they will not seponte diitinotly, whicb 
often hmppeiDM, add 10 cc. of petroleam ether and eliake^ meaaare the 
amount of the mixture and Bubtract the ether. The result is only 
approximate, but for ordinary purposes this method is considered 
Buffioien^ the Tolume obtained being retomed as the neutral tar oils 
present. 

I'. For a more exact examination a larger qaantity must be taken, 
50 or 100 grammes of the original liquid, treated with soda as 
above, and the two liquids separately examined, after measuring their 

quantity. 

(a) The portion insoluble in soda is evaporated l>elo\v 100° C. to 
remove the ether ; naplithalene and anthracene may crystallise out on 
standing, and may be identified by their melting and boiling points. 
The liquid which will not crystallise is washed in a graduated tube with 
20 per cent, sulphuric acid to remove the bases as sulphates. Notice 
again the diminutioD of TOlume (result <«ly approximate). The add 
solution is diatilled with aqueous potash ; the bases (aniline, pyridine, 
Ac) come over and can be tested. If the quantity allows, dry them 
by fused caloium chloride^ determine their boiling and melting points, 
their chemical reactions, and the nature of thdr platinum double salts. 
The portion insoluble in all resgents can be tested by its physical 
properties. 

(6) The fraction soluble in soda, containing the phenoloids, is frac- 
tionally precipitated by successive Bmall quantities of dilute sulphuric 
add, whereby the carbolic acid is concentrated in the first fraction ; 
then the melting points of the several firactions are taken, as above 

described. 

Caxbolic Powders. — In the case of powders made with lime, or others 
in which the phenol exists in combination, neither direct distillation, 
nor extraction with ether, give a correct result unless the powder is 
first acidified. Allen mixes 50 grammes in a large mortar with 5 c.c. 
of water, and drops in gradually with constant stirring, so as to keep 
down the heat^ 50 per cent sulphuric add. The addition, which takes 
some hours, is continued till a fragment of the powder shows an add 
reaction when moistened with water. If the mixture be pasty, it 
must be triturated with sand to make a granular powder. After 
standing covered for two hours, it is transferred to a large Soxhlet 
tube and extracted with ether or benaene. On distilling off the 
solvent below 110* G., the crude tar products are left^ and can be 
further tested. 

To distinguish between preparationa made from wood-tar and from 
coal-tar is comparatively easy ; in mixtures the identification of the 
source (shale oil, blast furnace oil, iK,) beoomes more difficult 
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1. Coal-tar adcb ooagulate oollodion, B.P., wood oreoaote doea not 

2. A neatral aqveona aolatum of ferric eblorido givea with phenol a 
deep vidiet colour, with wood-creoaote a yellowiah or greeniah-brown tint. 

S. Hagtn^B TttU — ^Thirteen Tolnmea glyoerine are diluted with 1 
volume water. One Tolnme of the sample to be tested is well shaken 
in a stoppered bnrette with 3 of the dilated glycerine, and allowed to 
stand. If the creosote be pure, the volume will remain unchanged. 
If xedoced, the glycerine layer is drawn off and the remaining creosote 
again shaken with 3 volumes of the dilute glycerine, and the volume 
again observed. The undissolved portion includes tho wood-creosote, 
hut may also contain products from shalu or blast-furnace oil ; the 
chief distinction lies in the odour. Tho .soluble portion may l>c diluted 
with water, the coal-tar acids extracted with chloroforn), and tho latter 
separated and distilled oli". So separated, the phenoloids fi*om blast- 
furnace and shale oils give with ferric chloride a violet-blue colour 
changing to brown, instead of a permanent deep violet, as with ordi- 
nary phenoL 

Sulphuretted hydrogen should be tested for with dilute sulphuric 
acid and lead paper. Powders containing it emit an Qflfoasiye odour, 
and are usually excluded by the terms of the contract. Sulphites and 
hypochlorites can be determined as at p. 308. With lime bases, the 
determination of sulphurous add is difficult Aa sulphurous add 
powders oxidise on keeping, it is important to ascertain not only the 

available" sulphurous add, but also the quantity oxidised to sul« 
phuric acid. 

It is impossible to give a general process for the detection or esti- 
mation of the multitude of orfjanic bodies that have been introduced 
for sanitary purpfjsos. It may bo mentioned that in the above division 
of the tar preparations into acid, basic, and neutral bodies, the follow* 
ing substances will appear in the places indicated : — 

(a) With the neutral oils : Benzene, naphthalene, anthracene, vase- 
line, paraffins, pyrrol, essential oils, thymol, camphors, alcohol, ether, 
and neutral bodies generally. 

(6) With the baaea: Aniline, pyridine, quinoline, ammonia, compound 
ammonias, and Tolatile alkaloids auch aa trimethylamine, nicotine, 

(c) WiA the aeUb: Phenol, cresol, &c, reaordn, bensoic^ and other 
aromatic add% &tty and resin adds (distinguished by non-volatility 
and other phydcal characters ; resin soap gives a brown colour and is 
not coagulated by strong soda solution, thtu differing from a iatty 
soap). 

Xbe specific gravity of crude carbolic acid should be between 1*05 to 
1-065; if it is less it is most likely adulterated with light tar-oil, in 
which case the qpedfio gravity is often between 1'04 and 1*045. 
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CarboUe Aeid m Soapg, — ^Five giummea of the mp ai« dimilved in 
warn wator,and 20or30 e.c.of 10 poreant oantb atdi^addad. After 
oooUng, the eolutum ii ihakeii wiih ether to remove eay hydroce ri >e« e 
(terebene, eemphor, Ae.). Ihe alkaliiie liquid ie next mized with 

•atorated brine, which precipitatee the soa^ and leaves the phenols ia 
eolution. It is then filtered, the soap again shaken up with brine 
and the washings added to the filtrate, and the liquid made op to 
1 litre. 100 cc. of the solution ( = 0*5 gramme of the soap) are placed 
in a separator, acidulated with dilate sulphnrio acid, and titrated irith 
bromine water as at p. 310. 

Salicylic Acid and other Preservatives in Foods.— The articles are 
cut up if necessary, and extracted, first with two portions of cold, then 
with about three of boiling water, separating any fat by piUising through 
a wet filter, or in some cxises by allowing the whole to cool and removing 
the layer of fat The volume of the aqueous liquid should not be un- 
duly large. Milk mnat be coagulated by a little acetic acid and gentle 
warming, then filtered and the whey examined. Solntione oontMning 
gammy or yisoons matters, or eolonring matters soluble In other, osn 
be precipitated by nentnd aoetate of lead filtered, the filtrate freed 
firom lead by solpbnretted hydrogen, and the latter eocpelled by 
warming. The prepared filtrates shonld then be neatndiaed by soda, 
eraporated to a eonvenient bnik, aoidified with hydrochlociD add, and 
extracted with ether in a separator. The ethereal solution, beoidss 
salicylic acid, will contain any phenol, cresol, benzoic and other aro- 
matic acids, thymol, essential oils, ethers, glycerine, perhaps bitter 
principles, resins, glucosides, alkaloids, and sugars in traces, laotio and 
vei^etable acids. If acetate of lead has been used, the rei?ins and 
bitters will liave been removed. Distil oft' the ether, evaporate the 
residue at ;i tjentle heat, dissolve in a mejusurecl volume of water, an<l 
divide into several portions. Notice the odour, taste, and appearance, 
and apply special tests. If glycerine Ije sought for, neutralise with 
soda, again extract with ether, distil off the ether ajid evaporate; the 
nearly pure glycerine can be weighed and afterwards tested 

In an aliquot part the salicylic acid can be determined by adding 
neutral ferrio ehloiide eaatioQsly (iron alum is mora oonTonientX and 
imitating the oolour in another tube by a stradard sdlntion of salioylie 
acid* 

If phenol or resoroin be present^ the comparison must be effeetod m 
alooholio solution (absolute), with aloohoUc fenie ohlorida Thus eten 
1 part of salicylie aeid with 800 of phenol may be estimated.* In 
testing fi>r resordn H. Bodde f adds a &w drops of sodium faypoehMte 

• A. Fujuii, Ckm, JSeUmg, 1808, vol p. Oi. 
t Ntdtri, TirdtOr, «. PAsns., Miy, 1881. 
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(p. 63) to a watery or alooholio solutinaaf raMrda.; ft vuM eolour, 
rapidly changing to yellow, is prodvoscL On wwinuig or adding t iomm^ 
the liquid beeomea duk Iwown. Ona part of roooMin in 10,000 ot 
waterwiU stiU nhaw tin roactioiB. Oarbolu^ ailie^ii^ banaoifl, and 
otiiflr allifld aoids do not give it^ but may torn the liquid ili^tl j 
yellow on warming. Pyrooateclud (p. 172) tonu gieen, hydaoqaaiene 
ydlow and red. Another test is to first add liquor ammoniie and then 
a few drops of the hypochlorite, when the liquid will give a reddish- 
violet oolonr, taming grem on hoiling. The coiotir is not taken up 
by bensene. The reaction is not shared by salicylic nor benaoic aeid| 
nor by antifebrin (p. 185), but phenol gives a greenish-blue, partly 
soluble in benzene. The colours are changed to sad by dilute solpbaiio 
acid. 

Messenger and Vortiuann have found that strongly alkaline soluiinna 
of phenol, thymol, ,3-naphthol, and salicylic aciti admit of estiiuation 
by means of a decinormal tbiosulphate solution, using starch .us an 
indicator iu the ordinary way. Each molecule of phenol consumes 
6 atoms of iodine, therefore tiie iodine consumed multiplied by 
93*78 (1 moL phenol) aiook • ^i. * i. ^ u i m. 
769-24 (6 etomaii me) ^^"^ ^ ^"^'"'^ P^****^ 

process is as follows : — 2 grammes of the phenol aie dissolTed in water 
with about 3 grammes of canatio soda» and the sdatlon diluted to 250 
or 600 ce. 5 or 10 are measured into a flask, warmed to 60" 0., and 
Iodine solution added till the liquid is strongly yellow. On agitation 
a bright red precipitate will falL After cooling, the liquid is acidulated 
with dilute normal tbiosulphate to ascertain tiie excess of iodine. 

Thymol gives a brownish-red precipitate, and requires no heat. It 
requires 4 atoms of iodine, henoe the multiplier ia 0'29d7. From 0*1 
to 0*3 gramme is taken. 

fi-yapht/iol gives a dirty- yreen precipitate; the factor is 0*3784. 
The solution must be lu-ated to GO' C. 

Salic>/fir Arid. — At GO' C. the bright red ])recipitate should not he 
formed until tbe iodine is in excess, and sliould be increased by acidu- 
lation. If too little alkali be present, a yellowish-white preci|titate is 
formed ; in this case more soda must be added. The multiplier is 
01813.» 

In a mixture of two of these bodies, if the sum of their weights is 
known, as well as the iodine equivalent of the mixture, the amounta 
of the two constituents can be calculated. 

Formalin can be recognised in foods by distilliDg and proving the 
presence of a volatile aldehyde in the distillate by means of a magenta 
solution bleached by sulphurous acid. 

*M<Atebl890^p.S7{». 
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Me dtetted Wools.— Mr. HoaiMWon, in a looent paper on mediooted 
€otton wool dressings,* drew attention to tlio immense Tarution in 
the strength oS these preparations as found m oommeroo. The method 
of analyiis oonsisti in shaidng weighed quantities (10 grammes) of the 
wools with water (1 litre), and determining the amount of the oflfootive 
constitnent in the following way: — 

1. Phenol, by the volttmetric bromine process (p. 311). 

2. Boric Acid, by evaporating one-fortieth (25 cc.) of the solution 
to ilrynoss with 5 cc. of a strong solution of sodium carbonate, the 
latter beinfj previously standardised. The loss of carbonic acid was 
estimated by weight in a modification of the usual CO^ apparatus. 
The boric acid was thus determined l)y differciu o. 

3. Me rcuric Chloride. — Scherer s method with hydrochloric acid and 
dccinormal thiosulphate is inapplicable if the quantity of mercury is 
small. A colorimetric method biused on the depth of the brown colour 
with sulphuretted hydrogen may be used. Some results obtained with 
commercial antiseptic wool dressings are as follow : — 

CwMie, in five samples : IKlft, 107, 0-69, 0-25, 508 per cent 
BoriCf in five speeimens: 36, 21*$, 27*1, 15 *8, U-4 per cent. 
Ccrrotwe StMimaie, in two : none, and 1 in 8,000 to 9,000. 

* Chem, and Drug., Feb. 18, 1893. 
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ooLUonoai or lu.vsnuTioKS.'*— DtiMdt Medkal JovmcU, 

*'M«iiy«rthallf{nfMaraorgiwtbeMily. . . . Hw diapten 00 the bnin and ipinal 001^ 

the ear, and the eye, mAda att thai U mdlf tabuMeim the mort reecnl reMOMnefteit."— OImvov 

Medical Journal. 

The book bears an unmistakable stamp of erudition and labour, and will be TALOBO both bf 

teachers and pupils as a work of hekekknce."— />r/<(.</« Medical Journal. 

" Dr Macalister's extensive knowledge of comparative anatomy enablee him to speak witb 
Mtbority on many interesting bat diflSenlt morphological proUmi. ... A TBRT ABtC and 
■oinrmo tnaUiek*'— wBtfMwyA MtHad JcvrnaU 
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Profa— or« LANDOIS and STIRLING. 

HUMAN PHYSIOLOGY 

(A TEXT-BOOK OF). 
WITH SPECIAL TJKKEREXCE TO PRACTICAL MEDIGINK 

By Dr. L. LANDOIS, 

TrwmlaM from the Swwith Oermm EdMon, wftk AmmtaUoM and AddWvm, 
By WM. STIRLING, M.D., ScD., 

BiraOAT rmVHuoa or rBT.'ioLoor m owbvb coLLRai, An ▼ictouA Jnirmum, Mim— 
■UinraK iv TBI usiTRitoiTiRi op <>\p <HD, Koi.iBUkoa. AXD toaoox : &!>» fM TU 

riLLOWSdir or TUK aoTAL C'lLLKOI •P iUKUCOil-'t. ISOLANO. 

In Two Large 8vo Volumes, Handsome Cloth, 42s. 
IClitb S43 Slludtratious (doinc in Colours). 
FOURTH ENGLISH EDITION. 



GENERAL CONTENT& 

Part I. — Physiology of tin* P1<kx1, Circulation, Kespiration, Ditfcstion, Absorptioo, , 
Heat, Matabolic Phenomen:* of the Body ; Secretion of Urine ; Structure of the Skin. 

Past II. — PhyBiolojfV of the Motor Apparattu ; the Voice and Speech ; (3 eneral PhyBiolc 
of tbeNerrw: EiMtro-Pbjiiolosy; thafiram; Onaiwaf Sight, Huaring, SnwU, I— to, To 
PhyRioloe^ of DevdotMBMit. 

Sinoe its first appeaninoe in 1880, Brot Lahdois^ Tizv-Book ov 
pBTSiOLoaY has been translated into three Foreign languages, and passed 

tiurough Seven Lar(jk Editions. 

The Fourth English Eiiition has again been thoroughly revised, and a 
new feature introduced — that of printing some of the Illustrations in Colours. 
The number of figures has also be«n largely increased^ from 494 in the lirs^ 
to 845 in the present Edition. In order to do fnll justice to the coloured 
illustrations, and to admit of more of the t<'xt being printed in large type^^ it 
luLb been found necessary to put the work once again in two volomes. 



Opinions of the Press. 

••So great are the advant.ag.-H offered hy TV if Lam>.iis' TErr-BOOK, from the exhaus- 
TivB and EMINENTLY PHACTiCAi, uijiiuitr in wliicli the but.ject ia treated, that it has patwed 
thrxujjh Fouu large editions in the same number of years. . . . Dr. STIRLING'S 
<uiDo tatio Ds have materially added to the value of the wurk. Adminbly f i ^ ft P t td for the 
PBAcrmoNsa. . . . With this T«ack*hook at omninMid, no Stodbht oooto wmil w 
B2B SZAMINATIOS:'*— Lancet, 

••One of the vosr nuonOAL worn on Phyriology ever written, forming a 'bridge* 
iMtWMIl Phjrsiology and Practical ^fedicine. . . . Its rliief merits are ita comi* ' 
and OODClMnesii. . . . The oilditiuns by the Editor are able and judicious, 
XXOKLLENTLT CLEAR, ATTRACTIVE, AND SUCCINCT. '— //ri7. ^fed. Journal. 

"The great Bubject« dealt with are treated in an adminU^y deiur, %m% and hanpfly- 
illui^trated manner. At every turn the doctrine.t laid down aie ni»t— ina tttdPT rfflfiTTOMrte 
^Mrta of GUaioal Medicine or Pathology." — Practitiener. 

** We have no heritation in ■ayin;,' that this is ths work to which the Practitionkr 
"wnll turn whenever he dt>-ir< s l;<,'ht tiimwn upon, or information as to how he can best 
investigate, the phenomena of a r<t,MiM,iCATET) on imiohtant case. To the Student it 
Hill Vie EQUALLY VALUABLE." — Edinburgh Medical Journal. 

" Landois and Stirling's work cannot fail to ei^tabliah itself as one of the jnoit newfnl 
and popular works known to English readers."— i/unrAcjr^r MtdiaU Vkronide. 

^Asawork of referenoe, LAHlxns and Stiblino'!* Treatise ouoht to take tue forb- 
XOSr PLACI among the text-books in the English language. The woodcuts are noticeable 
for their number and beauty."— ^^i-v^w Mtdioil Journal. 

•* Unquestionably the most admirable exiioeition of the relations of Human Phynolosy 
4oPkadioal Medicine that has ever been laid before English rcaden.**— d'ftMlttitf JownkUT 
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In Handsome Cloth. Prick 0ns Guinea nkt. 
New Work by Sir ANDREW CLARK, Bart., M.D., LLP., F.R.S, 

with TVibles and Bl£rht Plates In Colours. 

FIBROID DISEASES OF THE LUNG, INCLUDING 

FIBROID PHTHISIS. 

BY 

Sir ANDREW CLARK, Bart., M.D., LL.D.. F.RS., 

Latt ComuUing t'hp*ician and Lecturer on Clinical Medicine to the Londoti Hospital, 

AND 

W. J. HADLEY, M.D., and ARNOLD CHAPLIN, M.D., 

Attittant Ph^ticiant to the City of London Hotpitat for Disease* of the Chest. 

" It was due to Hir Andrew Clark that a pkrmam:*? aRcoto of hi» JKfT i»ip«»ta5T pikcb op patrolooical 
»nrl CLINICAL WORK iihmilil he iitiMUIieil . . . the auliJtN-t had been in hi'! iiiioil for many ycani. and the i>reaent 
volume, CUMFLB7BLT written and twi<-e revised befitre tils lauirnted death, enihiMlira his latkkt vibwd upon It. .'. . 
ATolume which will be uioblt tali id BT KVbet cli:iicai. phtsiciax. — Art/uA Medical JoumaL 



Prom Dr. JUDSON BXTRY'S NEW WORK on " CLINICAL MEDICINE 

{See opposite page). 




Fio. 221.— Showing wanting of Pectorale«i, and the drawing up of the Upper Angles of the Sc*pnlB. 
From the Section on Exkmlnfttion of the Nerroas System (Dlsordera of Maicul&r Action). 
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In Large 8vO| Haiuiaome Clothe With numerouB lUuttrations 

and Coloured PlaU. 21«. 

CLINICAL MEDICINE. 

A PRACTICAL HANDBOOK FOR PRACTITIONERS 

AND STUDENTS. 

By JUDSON BURY. M.D., F.RC.P., 

SmUot AmIsl Pb7«.. Mnohifr Hafi laflrmMy. 



'•W. iiiHy •.ay tii iiiir.> that I>r JmN.n Uiiry hw «r(riBDlD will. IIIk biKik lf« |>l»niie<l upon R»Tii>?fAL i.imk-i. 
. . . Intvnileil for praitical -»:r\ u k . . His wfrk Mill tak<- n rR(iMl»K."«T plai k nnwiiK'^t h>n>V.» "f it« rLv-*, iiii'l U 
OM, Um», t<) which the chiiical iitui!. tit i-.m trvkt, ius (" iiiK n-lUblr. . . . Tli«- illuktrittona are niinjtTi'ii-< tkil- 
ai%."—TK^ iMncrt. 

"Thta NaqimI U rare AT ones to Uke m ruauiosT flacb aa a irnlde lu dliiiral work. . . . t^ka tu utiii-u- at 
th* bcdakto Uw Boat recent rweawlwt of th> PfcfialcBtot. the Cbtmiat. n nd the BMUrtologlrt. . . . Balontr> to the 
nme a«rfc* «r ManiuU wbi(^ bM givn u Mw Imm of Laxiwu' 'Ptijraiolofar,' wbmla Prat SriBUn aoairht to 
brimr Um aoM adraacod Phmloli|0^lirto niktkiiililp with citalal «wk; Md tlM M17 vihnbto tnotlM of 

"ThU U tli»« Ul«it of the aptpiKlId Rtrlea of Tnt-booln which Meiwrs Oiarlei nrifflii * Company haTeWn the 
DMOa of iil.v-irii: in thr band* uf the protadoa. The Tulnme will maiutaiu ilio iri>ut;itKiu ^'f iUn i<n-il«-< •>«>«ini. 
aad w« BBABTiLT oo« oaATVLATi Uf. Jttdaoa Bair 00 Um ixcuunct of hk bouk and the stuuio cu>TRiiiiTiciji 
to flHdiaU Utantart which, la tta paMkaUoa. be hM Biada.--l>aMte Jfadfaol JamwaL 



OENXRAL OOITTENTS. 

Introductory.— SytnptoniH and Fbydcal Siifim— IiniK»rtaiici- - f Ih-^im i tion Mi-IIumI of 
Examining a Pati.-nt ( 'oHe-takinp. Ssrmptoms forthe most part Subjective In Character, 
— Syoiptonu mdicatiug Disturbance of the Functions of the Nervous System— Indicatinij 
DiltaclMiloe of the Fanctiona of tbo Raapimtoiy and Girenlfttoiy Organ*— ladieatiiig Dis* 
turbance of the Fuiii^i< li^ f tin- Digestive Or^'ann Tn<licating Disturfaaneeof tke Ulinaiy 
Organs. Examination of the Surface of the Body, fhangea in Sire and Shape— Ex- 
premion of Face— Attitude— Walking. Temporature.— Temiwrature in Health— in Disease. 
BTOmhifttKm of tlM Ub aaa Itt AppiBdagw.— Chaagta in the Colour of tho Skin— Um 
Moisture of the Skin — Outaneons Eruptiona:— I. Oeneral Diseasoi with Cutaneous Lesions ; 
II. Dineases of the Skin due Parasites; III. Local Diseases of the Skin not due 
Cutaneous Par&titeK Abnormal Conditions of the Nails. Examination of the Respiratory 
ifltMII.— Artificial Divisions of tiie ClMSt--lBq)eetioii— Palpation— Peieusrian—Attsea^^ 
— Tlie Sputum— Tlie Kxaniinatii)n of the Larynx. Examination of the Clrctilatory System. 
—Anatomical Balatiuns uf the Heart— Ins^jection and Pali>ation— Percussion— Auscultation — 
The Pnlse. Uramlnatliwi of the Blood. Bzamlnatlon of tbe DlsMttTo Sgratam and of 
the Abdominal Organs.— The Tongoe— The Teeth— The Ooms— The Mncons Membrane of 
the Mouth— Saliva— The S.,ft Palate, Fauces and Plmrynx — The Oisopha^us— The AWonien 
—The Stomach — Examination of Vomited Matters— Investigation of the Contents of the 
Stomadi aad of Ita Aettvi^ daring Digestion— The Inte stin aa Rx a min ation of the Faeoes 
>-The LiTer and GalIBIadd«r-->T1w Spleen— The PSaa crea s The Omentmn -The Mesentery 
and Retroperitoii. al f Hands -The KidneyH. Examination Of the Urine.- Variations in the 
Quantity of the Urine— In the Colour— Odour— Consistence— Translucency-Sijecific Gravity 
and Reaction t/l the Urine—t 'hemical Examination of the Urine — Sediments and lOcRH 
aoopiaal Riamination of the Urine:— (a) Unoiuaaised Sediments ; (6) Organie DepositB. 
Examination of Puncture Fluids — Kxudations — Transudations — (^)ntentJ^ of Cv-its. 
Examination of the Nervous System. — .^Vnatomical and Physiological Introduction — 
Investigation of the Symptoms Produced by Diseases of the Nervous System:— INaoiden 
efMiMOiilar Action; of Sensatioii; of Reflex Aetfon; of Laagnage; of "Vliiaii; of Hearing; 
«fTMe; of SmelL 
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By Ppof. von JAKSCH. 




Fitf. 86.— a, 6. Cylindroids from 
tm nriiM in oongMtad Iddiugr. 



CUNICAL DIAGNOSIS: 

THJB 

Baeterlologleal, Ghemleal, and UeroMopinl 
Bvldenoe of Disease. 

Bt Prof. R. v. JAK80H, 

or tta* UnlTWiitir of Pn«M. 
TkUUftLATBD FBOK TBM ThIRD GmU* BMSmf 

An> Bmlaboid 

By JAMES CAGNEY, M.A., M.D., 

PIVa. to llM Hmp. for Bpllepfr and Panly*!*, Regent's Park. 

With ADAmoKAL Ijuldstbazzoks, many Cokrarcd. 
SBCOND SNQL.I8H EDITION. 



OSNERAL CONTENTS. 
The Blood — The Buccal Secretion — Tho 
Kasal Secretion — The Sputum — The Gaatm 
Juice and Vomit — The Fieces — Exammation 
of the Urine — InTestagation of Exiidatioiiiy 
Tmnindatioiw, and PTttie Fluids — ^The 8eere> 
tions of the Genital Orguis— ^Metlioda of 
Bacteriological Besearoh — Bibliography. 



OPINIONS OF THE PRESS. 

**A itriking exAinple uf thu application of the Metliudu of Science to MediciDe. . . • 
SVAVOB ALM08T ALOME amuugst booKS of tbis clues in the width uf its range, the THOROrOH- 
HVM of ill apontMO* «nd the ckamM of iti style. Iti value baa been reoogniied in maqjr 
wuMet. • . . ThetraitriatorheadoBehiiihttttoffhewoiikiBa&admirafatoniai^ ... A 

ffmirfnr if tcorh . . . .13 TRVSTWORTHT as it 18 SCIENTIFIC. . . . The numerous and artistic 
fllutrationfl furm a (^reat feature of the work, and have been admirably reproduced."— Lancet, 
''Supplies a real want . . . Bieh in informatUNi, aoctinito in detail, huid in a^ki'*'— 
RHL Med. Journal. 

" Posaeami a Bic« talub. . • • There ia a moet admiiahle hihUognplqr.'^JtfMwylk 
Mtd- jReview* 

"AnewaadTaloilifefrailc . . . wortfayela ranr vu^ as A fSXf>BO0K. . . . Of ewi 
ralue both to medical pfaotituHMn and medioal afcadentB.''>J'infnMil ^ Awmkam Ifedt 

Aitodation^ Chicago. 
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In Lttrge 8vo, HamdmnM Chlh, 16t. 

THE DISEASES OF CHILDHOOD 

(MEDICAL). 

BT 

H. BRYAN DONKIN, M.A., M.D., F.R.C.P., 

mnOUa to TBB WBSTMIX^-TKa im^nTAL AXD TBI BAR LOITDOII HMFITAL fOt, flWl— Wt 

Min LMTDua OK Hwicin A»u ounoMi aiDictu AS tmrn 
wanwmtt mvma nmoAft mnuL, 



OPINIONS OF THE PRES& 
The LancU. — " Db. Donkin's book ia in every sense of the word a piece of Original 

WoRKf BXMARKABLT WELL WRITTEN, and founded on hU own UBOS nraimrCB." 

BritUh Medical JoumcU. — "Dr. Doxkin's work possesses characters which will 
•arn for it a distinct place in the estimation of the profession. . . . May be con- 
fidently recommetuled to the stndj o( vntf pnotttioiMr wbo telMt «ik intenit ia the 
■ttblBOti with which it deals." 

FtaeH^cner. — " Unquestionably a tkbt talxtabli oontribntion to the Bit of wmka 

the diseases of childhood." 

EdUkburgh Medical Journal. — "A thoughtful, aocnrate, and c<nnpendioua treatiae, 
written in a charming style, and with nmoh Tigoor.'* 

Medical Magatine.—A truly practical WOK, the xeoord ef the penmial eipoitanee 
and obeervation of an independent mind.'* 



THE DISEASES OF CHILDHOOD 

(SURCIGAL). 



BILTON POLLARD, ICR, BjS., F.B.a&, 

flnfMBtVX HMpital for Cblldrea: AuUt-Snrgeon, UiiiTeniit7 College HcipUd; 
AaslBt Prof, of CUnloal Barguy and Teaehsr Of Sractfoal 
Saiffarjr, UnlTsrstty OoUsga 



EACH VOLUME PUBLISHED SEPARATELY, 



DISEASES OP THE BLOOD. 

BT 

WILLIAM HUNTER, H.D., F.RaR, 

4mb»,i-Mitt. tMtm Hm BufUali ArH$ omI Ottt ItU, JLCAMag^ 4a. 
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gy SIR DYOB PUOKWORTH, M.D^ F.R.C.P. 



C3-OTJT 

(A TREATISE ON). 
m 

SIR DYCE DUCKWORTH, 

1LI>. Kdia.. LL.D., Uoo. PtvikUn te HJLU. Ike PcIm 
IMidM In. at BHtkotonMr^ BoivlM. 

In Large 8yo. With CkrwuO'iJthogfaph, 
Folding PMa, and llhi&tmUMB In U10 
Ttxt HandMonM OhUt, SSt, 



This work is the result of the 
special opportunities which Lundun 
FjNMtioe affords m, probably, the largest 
field of obaervatioii for the studj of 
Oont. It la baaed on the experienoe 
derived from both Hospital and Frirate 
Practice, each of which fumidies dis> 
tinotive phases of Uie disease. 

mall. 



OFIHIONS OF THS PR£8& 

"ThorongUjr practical and higlily philoaopbieal. The piaetitioner will find in ita 
pggeaan enormops amount of iNKOKMAxroN. ... A tnonument of clinical obaer* 

vation, of extensive reading, and of close and cart-ful rciV-snninir — PrartUioner. 

All the known facts of Gout are carefully i>as>( d in l uview . . . . We havo 
chaptertt upon the clinical varieties of Gout, and the atlcctious ot special orgautt and 
taxtorea. ... A vary yaluabui 8T0RIB0U8B of material on the natiira^ ymndUm, 
aad traatmaat of Gout."— £«hu«<. 

" A Toiy wall writtao, daar, and thobovoblt sAsncAoronT spnoMi of oar pwait 
knowladga upon tho aabjeet of Gout,"— PhUadelpkia Therapeutic Oautte, 

*' Impartial in ita diioa«ion of thaoriaa, full and aeenrata fai Ita daaori ption of oUaiaal 
facta, and a tbvstwortht oi idi to nMkTMM3n,*Sril$th Medical JaanuL 
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By A. E. GARROD, M.D., F.R.C.P. 



Rheumatism 



Memnatoid Arthritis 



(A TREATISE ON). 



BY 



ARCHIBALD K GARROD, 

M.A.. M.D. Oinn.. F.R.C.P.. AMliUnt-Pb7»l<rUn to 
tb« Wert London HoiplUI. &c. 



In Large 8vo, with Charts and 1 1 lust ra- 
tions. Handsome Cloth, 21s. 



\* The author's aim is to give 
a consistent picture of Rheumatism 
as a systemic disease presenting one 
definite set of phenomena, the re- 
sult, it is believed, of one single 
and specific morbid process. 




Pig. 1. — Gangliform Swelling on tli« Dorsam 
of the Hand of a Child aged Kight. 



OPINIONS OF THE PRESS. 

*' The wide subject of the etiology of rheumatism is carr/ullv treaUd. . . . The 
discussion of etiology is completed by a ftiU analj/sit of the conditions which tietennine 
individual attacks. . , . Dr. Garrod is to be congratulated on having put before the 
profession so clrar akd coherext an account of the rheumatic diseases. Tne style of his 
work is eminently readable." — Lancet. 

'* Well written and reliable. . . . We have little doubt tliat this monograph wilt take 
rank with the best treatises on special medical subjects in the English language." — Dublin 
Medical JoumaL 

" An KXCELLKNT ACCODNT of the clinical features of the diseases in question. The chapters 
on treatment are thoroughlt practical."— Manclittter Medical Chronicle. 
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0HARLB8 ORIFFIN A COMPAJTY'S 



In Largt 8&o, voiUi JUuslralioiu iu Uit Text and IS Folding-PUUu, 28«. 

DISEASES OF THE HEART 
, AND THORACIC AORTA 

(THE DIAGNOSIS OF). 

ST 

A. ERNEST SANSOM, M.D., F.RC.P., 

PhyitdaB to the London Hospiul : CoatulUiiK PbrsiciAo, North-EMtern IlospiUl for Oblidmi ; 
ffTf'r*'r' In Medicine, Royal Oollag* of PbysUUna (Conjoint Board for EnglaniU, Ml 
VatvmttroCOaAuii; LMtnnronlbdleal JartapradeBMaadPabUcHMltll. 
liflnflffB HiitHnl IMtoit Qdllm. As. 



(Vrom Chap, ix.— " The Observed Slgu of 

Neuro-Cardiao DlBease.") 

Fio. 6. - C;ise of Grave's disease with well- 
marked retraction of upper eyelid (Stellway't 
sign). There was very little projection of the 
«gf«lnl], tiuni^ jtominenoe appoMd to 1» 
extreme. Patieat agad tw«nlj*fo«r. |#V«» 



" Dr. Sansom hat opened to aa a tuasorjc-boosk or KXOwumoB. . . . The oricinality of the work 
lsihownoaeTei7pafe,aaorlfiiiaU^eooomptoi0atlo mark It out from vntjothar eo the sufe^eel wMi 
vUoh we ere Mqoalnted."— >A«eMM«Mr. 

''Abook whkh doeacredllteBittMiBalnlUelledlelBe. WewwMdreommAlttoaleaptedlB 
eUaSoel work."— na Utmeit. 
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By PROFESSOR T. M CALL ANDERSON, M.D. 

8EQ0ND EDITION. Now Ready, with Four Chromo-Lithographa, 
Steel Plate, and numerous Woodouta, 258, 

DISEASES OF THE SKIN 

(▲ TBBATISa OK)* 

With Special Reference to Diagrnosis and Treatment, Ineluding 
an Analysis of 12,000 Consecutive Cases. 

By T. MCALL ANDERSON, M.D, 

PrqfettOT qf Clinical Medieiw, Unitertity qf QUugow. 



Professor M'Oall Anderson's Treatise, affording, as it does, a 
complete resume of the best modem practice, is written — not from the 
standpoint of the University Professor — hut from that of one who, 
during upwards of a (juarter of a century, has been actively engaged 
both in private and in hospital practice, with unusual opportunities 
for studying this class of disease, hence the practical and clinical 
direetioiM given m of great yalae. 

Speaking of the praetioal Mpeoto of I>r. Axdbbbox's work, tho 
BriiUk JMieal Jcwnal says: — ^''Skin diteasee an^ m is well known, 
obstinate and tronbleaome, and the knowledge tkat thero are adoi> 
nOHAL BUOUBCBB besides those in ordinary nae will give ooofidenos 
to many a pasded medical man, and enable him to enooniage a 
doubting patient Almost aht paqb miqbt bi usbd to illustbatb 

TBB FULNB8S OF THB WOBK IN THIS BB8PECT. . . . The chapter 

on Ecaemai that universal and most troublesome ailment^ describes 
in a oomprehensive spirit, and with the greatest accuracy of detail, 
the various methods of treatment. Dr. Anderson writes with the 
authority of a man who has tried the remedies which he discusses, 
and the information and advice which he gives cannot £bu1 to prove 
extremely valuable." 

OPDHOMS OF TUB SHB8S* 

"MMorirOdl ladMwm hM pradoeadairatk Ukilrto prave tsrt AOOSnAlU to tlw 
bORf imetmoiMr. Tb* MeUoos on trcatnimit an verr fnlt. ftoraumpie, EcsntAluwliOiMirM 

glren to it, and "3 of these pastes are devoteil to treatment." —Lnnrrf. 

" B«yoiHl "luiibt, tlie MtisT iMi'ORTAjfT wniiK on Skin Diseases thttL liaB apueaml iu Englaa 
formally yt'iirn. . ( '(itisiiicuiuiH f*ir tli<.' amutnt am> >:x''Ki,UKii(ni oC ito CUSWAL ASB 

PRACTICAL lllfuriuatinti wliliih it culitaillS. — AVifuA Mrilirai Ji/urnai. 

"The work may l>e rtnanletl as a gtoreliouac of kacts gatlu-rt-ii ami sifted hy one whoM 
oninioD t* •DiiUed to the higbeat respect, and we have no hesitation in stating our belief that 
HllM 10 SQVAIi to tU» covmtry. '—Bainlntrgh Mtdical Journal. 

"TSWtTiii iT a M al nl boo^^ timr mAjanlblo In dai crip tlo o, rtnfmatto and lupafU oa 
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CHARLES GRIFFIN <k COMPANTS 



By Drs MEY£R and FERGUS. 

JShm Etadj/f vnth TJm--i Coloured Plates and nuTMrmu lUiutnUiontk 
JSoyal Qvo, HandtoiM Cloth, 

DISEASES OF THE EYE 

(A PRACTICAL TREATISE ON), 

By EDOUARD MEYEE, 
Pr^. d'fJM PfoHqua dg la FaeulUdt MOtobuitM^ 



TnnalHtad firom Um Third French Editioo, with AMtiom w 

contained in the Fourth German Edstion, 
By F. FERGUS, M.B., Opfathalmic Surgeoa, Glbugom lafinuiy* 



The partieaUur features that wOl meet oommend Dr Mejeifs woik 
to Bng^ readers are — its oongiseni88» its hklpfulnks in ezplanatiaii, 

and the practicality of its directions. The best proof of its worth 
may, perhaps, be seen in the fact that it has now gone through thru 
French and four German editions, and has been translated into most 
European languages-r- Italian, Spanish, Russian, and Polish — and even 
into Japanessi 



Opisioas of the PreM. 

■■A oooD nuunumov or a mm book. ... A wonm mam to tiM diagiMidi and tMtaient ot 
Hi* TwkMii dismiM of the eye Out an llkeljr to f!in and«r tt« noMoe of flie geiMnl Ptaetltlonw. Hm 
F»per, Type, and Chr<iiii<< T.ithognptu are all tliat couM be desired. . . . We know of no work In which 
Um onKAUS and psyuKMiTUta ot th« uds are more luUy treated. Hunteioua flgnrea lllnrti»t< alaotl 

"A TUT TKUCTWORTHT ounn toannnNeli. . . . tbokovoblt raAcricAL. ExceHaiitljlMBAM^ 

and very well got op. Type, Woodcatc, and Cbromo-UthograpbB are alike excellent."— LanMt. 

**Aaj StadiBDl will And thU work of asiAX VAltOli . . . Jhii^^pter on Cat«nal la tuaUMit. • • • 

**Ab mmuMn TBUratAnov of % standard WnoA Ttat-Book. . . . We ou eordtallf rBeomnS 

Dr Meyer'a work. It Is essentially a imiactical work. The Publlshen have done their part In tha 
TAflTBVOL and SOKnAHTIAIi HAHSKBL CUAKAOTK&ISTIO OF THKIR MKDIOAL PUBLICATIOM. The I>pd (ad 

aw ramtwHIOM an in — tiad oontgart to mort madkal wweka."— O j i> rt « ft wl> Jttat m 



JLONDON: EXETER STREET, STRANIX 
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MEDICAL 8XBIES. 



In Large 800, wUh Ifnmtmu lUiutratioiu, Ha»daom» Cloth, lOt. ^d, 

THE BRAIN AND SPINAL CORD 

(The Stpuotupe and Functions of). 



YIGTOB HORSLEY, Ra, F.R.C.8.» FJt.&, 



" Tb« portion treating of the development ai (Hm Nervoua System from the siniplflit ^nimrf^ 
up man, even-where replete with interest. ... In the last four Lectures we have most 
dearly stated the ruHults of modem work. . . . Wxix worth the study of all who wish to 
tVPkr <h« Imom of reomt piijmlogiaa tmtu6L'''-KdMurgk Medkal Jowiul 

** Wa HiABmT oomnin) tiie book to all iwdon aiid to au olamm op vmosm iSJMM, 

BM being almost the only lucid account eztaftt^ ombo ^J Mg Uw LAnST BIBiaiOHV and tbdr 
oondnoinnai "—Britiah MeeUeeU JowrnaL 



IN FRBFARATION—BY THE SAME AUTHOR. 

SURGERY OF THE BRAIN. 

Bt VICTOR HORSLEY, F.R.S., &c., 

AMMtnt fmiMm Oalvsnliy OoHsgs BMpltsI: PraHMsar of PkUnkMor. UiiiT«nttir<Mla|i^ 4a* Ac 



In, Large 8vo, With Illustrations. 2l8, 

ON PERIPHERAL NEURITIS. 

By JAS. ROSS, M.D., LL.D.. 

Iwtt PtysMtt to Vb» Ihadwstof BoyI laaremy, sad Jajnt Ptoft ssor of MedMw at Uw Owsai Ooflm ; 

"Ahix JUDSON bury, M.D., M.R.O.P., 

fleoior AMlstAul Pbyslciui to the M»ncbest«r Royal lufirmary. 
*' It will tor maoy 7«ars remain the AOTHwBrranYK TaxT>aooxon peripberat aeoritiB."— &-i<uA Msdieal 

" A monament of industry lOhould be careruHy read by all."— f</infrury* iUkalJtmmmL 
A mo&s ooHTiSxa and naitarlf umiOMa."—Sh^fUd JtmL Jom^ 
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CHARLES GRIFFIN d: COMPANY'S 



By W. SEVAN LEWIS. 



MENTAL DISEASES 

(A TEXT-BOOK OF): 

Having Special Reference to the Pathological 

Aspects of Insanity. 

W. BEVAN LEWIS, L.R.O.P. Load., M.R.C.S. Eng., 
Medical Director of the West Riding Aaylum, Wakefield. 

in Large Suo^ with Blghtten Uthographh Plates and IUuatration» in the Text* 

Handsome Clothe 28a, 



OPINIONS OV THB PBES& 

"Will take the uiouest uamk as a Text Book of Mental Diseases."— ^rtluA Mtdieal 
JemnmL 

"VMioatdoubtiheBBn BooKinEngliahof itcUikd. • . . Th* duiplar on BpO^tie 

Insanity and that on the Pathology of Insanity are perfect, .iiid nhnw m powwoC WOtk aad 
originality of thnnj^bt which are admirable." — Journal of Mental Snencf. 

"The work, all through, is the outcome of original observation and research." — Mind. 

'* A SPUOTDID ADDITION to the literature of mental diseaiea. . . . The anatoittloBl and 
liitt*'^**^ Mctioa is AOnnuMLX wxm, . . . The otiniosl seetioa u concise and texsdj 
written. It is, however, to the pathnln^'ical pection tbat the work owes its chief merit. As a 
■VAVDABO WORK on the pathology of mental diseases this work should occupy a promiaent 
plaot in Hm Vhnaey of vntj aUenist phyt]mm.*~^IhAUn Medieal Jb m w d . 

"AffoidsftlaliissBof {Bfonnstloii which it would bo difflcult toind iamft^hmtneMm 
in Ihe Bn^ish laagnsgo.'*— Medical JcvmaL 

" We record our conviction that the book is the best and most conplols treatise upon the 
pathological aspect of the subject with which we are familiar. . . . An absolutely 
DtDisPKHBABLX addition to every alienist's and nourologist's libraiy."— The AUenitt and 
MeanloffieL 

** It would be quite imposnUe to saj too mudi in pniM of ttio TavBnk'nomJ*~'Ammium 

Jowmal of Iruanity. 

"The Section on Pathological Anatomy is OMBiTAUiSD in English literature."— ,fiiU^elMi 
4e In Soe, Mtd. Mentale de Btlffique. 
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Large 8vo, Handsome Cloth. 16a. 

LUNATIC ASYLUMS: 

THBIR ORGANISATION AND HANAOBMBNT. 

By CHAHLES MEIUJIKR, M.B., 

Latt 8mtor Auklmi$-IMk»a Cjfktr «t Lt€n«$dm Aip'mm, ami at tht Cttft »f Imivtt Atrium, 
" Will give A mucb-aee<IiKl mrirca to tb* studjr of Aajtain VtkileuU."-4JUugoie MmtictU JomrmaL 



PART I. HOUSING.— General Principles: Sanitary (V.ni1ition8 Sui)er%i^i.n 
Trt'.itiiieiit and (Jrcupin;^' Precautions— Size ; Cost; K<iuii)nient ; Accessibility. General 
Airansements : (lent-ral ("nuNtruction ; Walls; Floors ; Winaows ; Blindfl; Ixicks — Ht-atin^^ ; 
Open Fires; Hot Coils in the Wards; Hot Coils outside the Ward ; The Fire-places; Fire- 

Siards— Li;L,'htinj,' : Gas Meters Water: The Softening,' of Water; Water Meters. Wards and 
wd OfllOM: (a) Tbe Diy Rooaw— I^mitore; floor Covaiiiigi Cortoiati Tables; Seats; 
Screens ; BookeMW; Kew i p a pw Stand; Letters-Box ; Piano : DeooratioBs; Flowers and Plants ; 
Medicine and oUMrOinpboards — (6) Dormitories —Bed-* ; Woven Wire Mattresses ; Bed Feet; 
Siiecial FoTOS of Bedstead ; Mattres-ses ; Pillows ; Hlankets ; tJuilt^ ; Chanriber Utensils; 
Alirr'irs; Brushes and Combs; IxKikers; Screens Suj^erviaion Dormitories— Sinj,'le Rooma; 
Shutters; Ventilation and Li^,'htini,'— I'added Rooms — Bath Rmnns and Baths— Urinals— 
Water- 1 'Insets; Position; Floor and Walls: Forms; Water Waste Preventen* — Lavatoriet; 
Basins; Towels— Sculleries— Slop and Bmsn Closets— Boot Rooms— Soiled Linen Closetii— 
€oal Stores— Ward Stores. The mahig and BMrtmtlOB Balls, Chapel, *0: Recreation Hall ; 
Heating; Ventilation— The Chapel—Receiving' R<Mim —Visiting Room. Communication: 
Passages; Staircases. Administrative Portion: The Kitchen — Scullery — Laundry -Wash 
House; Dryinjf Room; Ironing Room; Foul Laundry; Boiler House — Stores— Workshops — 
Offices; Superintendent's; Assistant Medical Officer's; Other Officers'; Library; Dispensary; 
Mortuary: Photographic Studio. Aooommodatlon for the Staff: For the Medical Superui* 
tendi ut For Attendants- For Assistant M. dir.al < >ffir, rs. Airing Courts : Plants Seats, tco. 

PART II. FOOD AND CLOTHING. Food: Character of Fo^hI Beverages - 
Dietaries. Testing: Meat; Salt Meat; Flour; Bread; Butter; M ilk ^ Cheese; Sugar; Tea: 
Coffee} CoooaiVinMar; Pepper; Mustard; Salt; Beer; Tinned Provwooe: Rice; Peas and 
Beam; Potstoee. WUmng and Keeping: Meat; Tea; Ooffse; Cocoa; Mmtard; Pepper; 
and Spices; Tinned Goods; Milk; T'-nttn- ; Cheese; Potatoes. Serrlaf: Mode of — Tahle 
Furujtnre Extra Diets. Clo thing : Women's Clothing ; Men's Clothing. 

PART III. OCCUPATION AND AMUSEMENT.-Oceupatton: Induce, 
ment to Work— Difficulty fnjm want of Intelligence— Dangers— From Use of Tools : From 
Relaxation of Supervision; To Security ; To Health ; From Mingling of the Sexes. Amnia. 
ments : in the Wards in the Airinjj Courts; f^uoits; Bowls; Lawn-Tennis; Skittlfs; Bad- 
minton; Rackets; Fives; Croquet; Golf; Cricket; FfMitball; (innmds ; Other Open- Air Amuse- 
ments; Races, &c — Recreations in the Recreation Hall; Dances; Theatricals; Conoerte. 

PABT rv. DETENTION AND CARE. - Detention : Meaning of Term; 
Limitation of Restraint, Care : Suicide ; Suicidal Tendency in the First Degree — Suicides in 
the Seeond Di l^ti i- Siiirid> -i in the Third I>. ::n f Tr- atment of the First Dej^'ree -Treatment 
of the Third Dejjree Supervision — Pn eautions ; Razors ; Kniv<'s and Scissors; Broken (ilass 
and Crockery; HomeMa<le Knives ; Points of Suspension ; M.-nns of .Sus|>en.sion ; Fire; Water. 
Vlolflaoe : novooations and Inducements— Aggressive Restraint— ClosaieHi of Aggregation— 
Insane Pecoliaritieii— 'n«atmentof Violent Patients— Dispersion— KemoTal of Censes— Change 
of Surroundings Forewamintrs of Violence— Mode of Assault — .Assaults with Wrajxins— 
Precautions as to Weapons Management of Patients when N'iolent— Pretende<l Violence. 
Accident: Causes of Accidents— Falls Ki>ikptic Fits — Warnings of Fits — Ainplitude of 
WominK'— Direction of Fall— l^Jibour of Flpileptics Various Precautions for Epileptics— Falls 
from Defective Footgear — from Feebleness- from .Ii>stling -from Obstacles- from Defects in 
Flooring— Suffocation ; Impaction of Food in the Throat— Frecaationa— Inhalation ot Food 
into the Windpipe— Ei»ileptii s at Night —Scalding— F tr e XVecantioiii m Construction— Pre- 
cautions in .Nlana^v nu iit I'ro>nsions for the S:uetv of Patients — Locks of .Sin.,'le Rooms 
Removal of Patients sliould he Practised Fire-Kxtinguishing Apparatus. Cleanliness: 
Bathing — Dirty Habits < "auses; Treatment ; Neatness of Apparel. 

PART V. THE STAFF. —Rcsponsibilitv— Treatment according to Deserts ; Awards 
to Merit : Awards to Faulty Conduct ; Amount of Punishment; Punishment should be Prompt ; 
Punishment should fit the Crime ; Who should Punish ; Reward and Punishment both necessary 
— Supervision ; Inspection ; Surprise Visits — Reports. The Chaplain: The Library— Re- 
pairing Books — Tom Pages : I^oose Pages ; Back naif off ; Biiok \v holly gone ; Covers Tom ; 
Re-8ewing--0ther Dutiea. The Snperlntendent: Supremacy— Character Duties— Medical 
DutieSL ttatntory iHltlM; Duties attending the Reception of Patients - Original Reception 
— Private Patient Reception on .Tudicial f)rder on Petition ; The Order ; The < '. rtiticates. 
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CHARLES GHIFFIN A COMPANY'S 



By Drs. OBERSTEINER and HILL. 
T H £ 

CENTRAL NERVOUS ORGANS: 

A GUIDE TO THE STUDY OF THEIR STRUCTURE IN 
HEALTH AND DISEASE. 

Bt PB0F£SS0K H. 0B£RST£IN££, 

Univerttity of VieniM. 
THAU SLATED, W J T II A S S O T A T I O S !^ A S I) A DD/TIOJiO^ 

Bt ALEX HILL, M.A., M.D., 

Muter of Dowoiog Collegv, CMobridge. 



With ait the OriffhuU Iltwtratiom, Large Svo, Hmdtome Ohtk, Ife 



'* Dr. Hill IiMH otirichcd the work with many notes of his own. . . . Dr. BBIl^tmulA' 
tioD in moHt acciir.itu, the EoffUah ia exccdlent, ami the book is very rea lnble. . . . Dr. 
Oberstoiner's work i-i adrailWM. Ha hai ftinarvelluus power of marshalling tugetbw * lug*- 
rnunber of facta, all beating on an eztrcmely intricate ra^eot, into a hiurmamom, olaar, 
oonseoutiTo whole. . . . Imyaluablv as a text-book. "—ilrmibJ/eiliealJoiinMl, 

"A MOST VALUABLE coNTRiBi'Tiox to tlic Study of the Anatomy and Pathulo^'j- of the 
Nervoua .Syf^tein. ^\'e cannot speak too highly of the abiUty and skill which Prof. Obersteiner 
has brought to ) car on tibis moat dlffienlt subjeot, and of ue way in which the whole wwfc b 

illustrated. " — JJraiii. 

"The FUi.i,K.sr and most accuhate exposition now attainable of the resalts of anatomical 
inquiry. Tlie Translation is done by one who is himself a Master of Anatomy, able not only 
to follow hiH author, but also to supplement hiin with the results of independent research. 
Dr. Hill's additions add materially to the value of tlie original The work ia apedally com* 
mended to all students uf mental science. . . . The iUaitratiTa fignraa an of partionlar 
excellence and admirably instructive."— Jfiiui. 



In Larye Svo, JJandtionie Cloth. Price 12«. 6dL 

DISINFECTION & DISINFECTANTS: 

(AIT nrTBODUCTIOir TO THB BTTJDT OF), 

TOOETUKK WITH AN ACCOUNT OP TUK CHEMICAL 8UBSTAXCBS USKO AS 

ANTISEPTICS AND PBESBBVATIVES. 



BT 

SAMUEL RIBEAL, D.Sc.(Lond.), F.I.C., F.a&, 

Ml. of Uatv. CoiL, London : Kx tiiiiix r in Liit-mltti7 to tbe B<irA! C iIIcko nf PhfiicUu: ftmMrijr Lsetanr 
la Ctieinitlry. 8i. Gcuise's Ilospttsl HeOloU Scbool, &c. 4c 

mattb I>Ui0nim0 ot tbe Aodt approved Aobem Spplfancee. 
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In Large Svo, Eandaome Cloth. 9l8. 

FORENSIC MEDICINE 

AND 

TOXICOLOGY. 

for tbe 'Olee of practtttonere and Stut^ente. 

BT 

J. DIXON MANN, M.D., F.KCP., 

IVofMlW «r UaSktX Jottaprodence «nd Toxicology In Oweiu Collefd, KftodiMtor; la 
TONlMle IbdidiM in the Unirersity of London, and In ttas Victori* (JnlTOnltj; 

PhyBiciua lo Ui« b&lford Bo7»l HospiUl. 

Part I. — Forensic Medicine. Part XL — InBanity in its Medico-ieg»l 

Bearings. Part III. — Toxicology. 

Dublin Medical Journal.—" By far llie uu-'T icLrAULK, Musi »cik.xTiri< , a:i>l MO«r hodkui book on Medical 
Jarlapradmoe With which we are mcqu»iote<t. " 

The Law Journal.—^' This naw work wiU be of vahw to alt thoia who am madioal mm or lawjan ara 
engsKed in caves where the teiliMOoy Of modtlaal OBporto forma m port of Iho uwUmob. ... A moot 
casfVL work of reference." 

Medical Prtu.—" Tbia kxcxllbxt tsxt-book cannot fall to be ft MMoooot ttglvoBaIl«otadaatnqalroo 
lorwaoilnattoB, and ail that to oaoaaaarjr for tha imetiUooer." 



In Larue Suo, Handsome Cloth, 258, 




THEATISE ON HliPTDRES. 



BY 

JONATHAN F. C. H. MACBEADY, F.RC.S., 

Sargoon to tbe Great Northern Central Iloiipiul ; to the City <tf London Hoapital for Oleeaaea of ^ 

Gtaoati Tlotaria Park; to the Chcyno liosp.Mi for Sick and Incnimblo Oblidimit 
and to the City of London Troaa Society. 



WHk Tufmt^fbur Uthographml Plates and WuBtratiottB in tlw Text 



Lancti. — " A mi5k or WBALTII to those who will Btndy it— a great itorrhonnc of rAcrs." 

Edinhur<jh Sfedieal Journal — Ccti&inU by fur ilic >i )vt c -vn-LKri: nii.l ai iiiohit v ri vk wouk on the 
■nbjoct with whii;h >vo uro aiiiuaititcit. The text ia ivo.ir ikiid C'lin.i p. tlio niimir-'UH ijl;i!-tri'i t.- aro 
BaraooucTiONs riioM 1'II'>io<j1iai ii-« fr^ni natLti:; ilic aulhura staicmti.ts aio f.iuuded ou an lm^lk Kxi'kui- 
n6l« Wblob la freely drawn u;iun." 

DliMto JomnuU «/ Medical Scietue.—'^ Tbia really ia a coHrucTS HOSOOBAni on tbe iubject." 
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By W. THORBURN, F.R.0.8.Bng. 

THE SURGERY OF THE SPINAL CORD 

(A Contribution to the Study of): 
By WILLIAM THOBBURN, B.S., B.8a., MJ).Lond^ FJLC.8.£Dg., 

AMtoiMt Burgeon to tho HiaohMtar Bofil lBlltaM7. 

/n Xorye An», JBfufnitMMM ami TMm, SamUome C^otk, 1M$, 6tf. 

"fWe oonfrntulate Dr. Tborburn on hi* M asteklt novoaUAn."— Saturday Review. 
**iA MOST YALUABLB ooKTBlBDTloit to th« lit«ntui« of B flold of aut^gery which, »lUioai(b but 
recently brou^t under oolUiAtioB. i» nlready yioldinff eueh bfilUant rwnltB."'— JWnwfi^pitBei MtHatt 

BevievD. 

"Really the vmxBRBBOOBD we liBTe of Spinal Swveiy. . . . TheworknarlnaBiBportMt 

advance in modem Surjjery.** 

" A most THORoroii r.xHAUSTiVB work on Spinal Surgery."— Bn'i/o^ Medical Journal. 
"A MOST VALUABLE contritnitioii Ixjth to Physiology and Surgery,"— OpA/Ao/mic Review. 
"A VERY VALUABLE contiil'iKKiTi t(i prartiral neurology. . • . Thiebookiaan«xoeU«iiU dBBTt 
OOBOiae monognpli."— Philadeiphta ThtrapetUic Gazelle. 



By H. W. PAGB, F.R.OJB> 

RAILWAY INJURIES: 

With Speoiat Reference to those of the Bach and Nervous System, /n 
their Medico-Legal and Clinical Aepeota, 

By HERBERT W. PAGE, M.A., M.C. (Cantab), F.R.C.S. (Eng.), 

BaigaOB to St Mary'H Ilonptul, Dean. St Mary'H Ifovplial M<Hlki«l Sohool, An. 

In Large Stv. Handeame Cloth, 6'«. 

*' A work INTALOABLB to tlioee who have many railwqr caaes under tbeir oare peodiiiB liti> 

Sition. ... A book whioli ovffy bwyer aa well as doetw diootd ha«e on Uaabelfas."— JHlM 
edieal Journal. 

** Ueaerves the moat careful study. ... A book wUdi twry ni(><lical man would do mil lo 
read before he prints himself for examination and croevexamination in the witti e r b oK OBBIBllwBy 
«MMe."— Dublin Mtd. Journal. 

*' This book wiU undoubtedly be of great uae to LBwyeta."— low ZVaMS. 



By J. KNOWSLEY THORNTON. M.B.. M.C. 

THE SURGERY OF THE KIDNEYS, 

Being the Harveian Lectures, 1889. 
By J. KNOWSLEY THORNTON, M.B., E.G., 

SniieoB to the BawiafHan Fna Beqital, 
In Demif Seo, wUh lUvttnaimu. Hwnimnm (Sotkt St, 

'* The naiiu- and experienoo of Uie aathor confMr on the Leetnres tlw stamp <rf BUthority*''— J> iWsl 

Medical Journal. 

"These Ivecturen are an ex{H<^itiori l>y tin- h:iiidofan EXCKKT nf is known and has b88BdaiW« 

up to the nrejient. in the Surc'-ry of the Kniiu vH." — Edinburgh Medical JournaL 

" The Dook will nirciisnnly hi' widfly r( ad. .'iml will have BB iapOftBUt iBflBSDOB OD Hm pUVgiaSi 
of this domain of Surgery."— {/ni»er(it> Medical Magazine. 



LONDON: EXETER STREET, STRAND. 



Digitized by Google 



SCIENTIFIC SERIES. 



21 



Sioogn* Bbvisbd and Enlarged Edition. With lUtutrationt Ai tht Taei, and 
Tlurtg-8we» FUUes, Largt 8w. Uandwnu Cloth, SOi. 

SEWAGE DISPOSAL WORKS: 

▲ oxraoL TO m 

Oonatruotion of Works for the Prevention 0/ the Pollution by Sewage 

of Riuera and Estuaries, 
vt 

W. SANTO CRIMP, Mem. Inst. C.K, F.aS^ 

lAte AasiitMil-BiiglnMr to Um London Ooonty OomidL 
SECOND EDITION. REVISED AND ENLARGED. 



PART I. IXTKODLCTOUY, 



lutroduction. 

Detells of River Pollutions and Rmooi* 
mendations of Various Commissions. 

Hourly aud Daily Flow of Sewage. 

Tlie Tail System aa Affecting S«'w;ige. 

The Separation of Rain*w«ter from the 
Sewage Proper. 



Settling Tanks. 
Chemical Procesaee. 
The I)isp<isal of Sewage-sludge. 
The Preparation of Land for Sewage Du- 
posal. 

Table of Sewa^ Fann VLvMfgmmL 



FABT IL— SswAGB Di8P08Aii W0BK8 IN Opbratiov— Thub 
Ck>3i8ntuonoN, MAinrBNAVci^ and Goer. 

JUnuHmttd by Plaiet thomnff tk§ General Plan and Arrattffemmt adcpied 

in McA DiibrieL 



London. 

Doncaster Trri 'ation Fami. 

Beddington Irrigation Farm, Borough of 

Croydon. 
Bedford Sewase Farm Irrigation. 
Dewsbnry ana Hitchin Intermittent Fil> 

tration. 

Merton, Croydon Rural Sanita^ Authority. 
Rooheater, Kent, and Swaawink, Darby- 
shire 

The Kaling Sewage Works. 
Chiswick. 

Kingston-on-Thames, A. BkC 
Salford Sewage Works. 
Bradford, Freoiiii t a t iop. 



New Maiden, Chemical Treatment aad 

Small Filtore. 
Fri«-rii Harnet. 

Acton, Fcrozone and Polarite Procen. 
Ilford, Chadwell, and Dagenluun Qtiwagi 
Di<ipoHal Works. 

Coventry. 

Wimbledon, 

Birmingham. 

Margate. 

Portsmouth. 

Berlin. 

Sewage Prccipitatioa Works, Dortmmid 

(Germaiw). 
Treatment of Senrage by Sleeliolyab. 



** All persons interested in Sanitary Sdence owe a debt of gntitnde to Bir. Crimp. • • • 
His work will be especiallj nsefol to Savitart AoTuoBmia and tliev adviisn . • • 
BMU i ll tT L T PRAOnOAL AITD vstWOL . . . gives plans and deserhitiaiis of haitt OP TBB 

MOST IMroKTANT SEWAOK woKKS of En;,'land . . . with very valuable information as to 
the COST of construction and working of each. . . . The carefully-jirepared drawings 
permit of an easy ooa^ariBaii between tlMdifferait4fBtemB.'*—i^nce^. 

" Probably the BEST AHD MOST oOMPUen mAim on the snbjeet which hss appearetl in 
our language. . . . Willprove of the greatest use to all who ham tlie pteUam of Sewage 
Disposal to face. . . . Tlie general oonstffiMtloo, dnkwiogs, and tn** VBBsllanl''-^ 

Edinburgh Medical Journal. 
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CHARLES GRlFFIJSr A COMPANTS 



By Prof. A. C. HADDQN. 

EMBRYOLOGY (An Introduction to the Study oO. 

By ALFRED C. HADDON, M.A., M.R.LA., 

PrureMor of Zoulugy, Rojal College of Science, Dublin. 



In Large 800, with 190 lUustratlons, Handsome Cloth, 18$ 



OraiZONS OF TBB PB1I8B. 

**WxLL and clkarly wrtttrk. . . . Hmit important dattoommm or UworiM art 
cUtoribed, which are neceaaarily absent from Balfoon work."— JiTafitre. 

" Dr. Haddon has written the BI8T of the thm ntodflni EngBsh wctln on tht nilijaet."— 
DiiUm MtdktU JoumaL 



ESSAYS IN HEART AND LUNG DISEASES. 

By AKTHUR FOXWELL, M.A., M.D.Cantab,, F.B.aP.Loin>., 

PbjrgicUn to the tiaeen'e Hoepit«l, Binniniri>*iii. 

CMnaral GontMtti.— Ok Dtrpxou— ExPEcroRATioif in Phthisih— Oh Catarrh (A* 
Aente Pneamonia in Children ; B. Acttte LarynKitia in Children ; O. Aente Primary Pari* 

tonitis ; V. ( 'atarrhus)— On Ci.imatr (A. the T)ftvos and En^jadine Valleys; B. Arosa, » 
Hamlet iu tlie (irisons; C. The Climatio Treatment of TulxTcular riitliisis)— Non-Tt7BER- 
ccLvK Pulmonary Cavitie-s— Thk ('l UAhiLnv and l'B(KiNosi.s of Phthisis- The 
Vascular Ststkm ih Am^kmic Debility— Arterial Hiuu Texsiom— Comobstiom or ram 
LvNcw— Ok Hjbii»ttbi8--Tm AMTisBpno Tbbatmkht of Tubibculab FHTBisn. 

With Diagrams, Demy 8vo, 472 pp. 12i. 6d. 



THE JOURNAL 

ANATOMY & "physiology: 

NORMAL AND PATHOLOGICAL. 

COXDUCTKD BT 

SIR GEORGE MURRAY HUMPHRY, M.D., LL.D., F.R.a, 

Pfpf^ac of 8nnc<Tr . I'»t« Prorewor of AmtonT In tb« TTBlvwitty of OhdImMi* : 

SIR WILLIAM TLILNEK, M.Ii., LLD., D.O.L., RRS,, 
ProC. «r Analonr in the VnlvtnMr or HUntaiib : 
AND. 

J. O. M'KENDRIOE, M.D., F.RS., 

PraC efthe balitatM of MadWm in the UaiTetrflv of OlMfow. 

rublithed (Quarterly t Price 6$, Annual HiUjicriptioUf 20$.; Pd«t Frte^ 2U. 

SubtaripUom payabU m CMiiNMee. 
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MEDICAL POCKET-BOOKS. 33 

By R. S. AITGHISQN. 

SECOND EDITION, Pocket-Size, Ehgantly bound in Lealkir, 

Bo/UMdod edges, Q». Qd. 

A MEDICAL HANDBOOK 

fot tbe tide ot ptactttiotters an^ Stll^eltt0• 



B. S. AITGHISON. M.R (Edin.X F.KCP.EL, 

Vhyrietaa, llnr Tom DivpvoMkrj, Edinburgh vicMoff Ihyiktati, 8i GMUmt't HoqltriL 

Bdinburicb, *&, t& 

WtTH HUMiMOIfS ntU9TRATtOK$. 



General Contents. — Intro<luction— Diagnosis, Case-Taking, Ac. — Diseases of ths 
Circulatory Sjstem— Diseaaea ol the Respiratory Syatem— The Urine— DiaaMes of tiM 
tJrkmry SvnMn^Diaaam of tlie Digestive System— IHseases of the Nenrana Syatem— 
Diseases of the Hemopoietic System Constitutional and General Diseases — Fevers and 
Miaamatic Diseases —General Data, Rules, and Tables useful for Reference — Pott- 
mortem foambalfctn— lUilea for PreMribing— Preacriptioas. 

" SiKli a «. rk ii« Uiis i« r<-:>ily XKCu'UARr fur the liu»jr j.r m ( it :■ in-r. The field of intMliriiir is » iilc that even 
the best lufuriucU may at the iui>inent iuim the MtJIeDt iiviiil* in Uia«iio«ia ... he needa Ui rcfrcih aad r«TiM 



^ kiiowi«dc«^ Mid to fncni hit mind «• Umm (btafi wuMiar* BMSirriAL W« eui iprak uioblt of Dr. AMckiSMS 
Bradbook. . . . Ho^edtlt Kxacone. No mere eomiillatlaii. the •dontiac iplrlt mni sUndard malntaliiM 
|linii(hoat not it on a hiirtK-r l iane . . . Kxckimotlt ffi uii, hudy Mid portable, htnl well adai'ted for kradt 
— — msJici. — T3k* Laneel. 

' A* ft maftos of mdjr reference, vost coJirLRL Tbe liuay |irftctttkacr will often turn to Ita paflM.''-«/o«ini. 



B y MM. CATRD A>.-D CATIICART. 

SIXTH EDITION. Pocktl-^ize, ElegarUly bound in LeaUier, Hounded 
edgee, 8e. M. With very Nwmroue IttusiraUone. 

A SURGICAL HANDBOOK, 

For Pnetltloiiara, Studentti Houie-Surgeoiis, and DrMOCM. 

IT 

F.^»M. OAIRD, M.R, F.R0.8., k C. W. OATHOART, M.R, F.RaS., 

Awtrttnt-Saryjon*, Royal InflnaaiTi * 



GMieral Contents. — Oue-TkUiDg — Treatment of Pfetienta MSmre and after 

Operatloil— Ana.'sthotic8 : General and Local - Antiseptics and Wound-Treatment — : 
Arrest of Hemorrhace — Shock and Wound-Fever— Emereeucy Cases — Tracheotomy: 
Minor Sorgioal Operanona— Bandaging— Fractures— Dialooafiona, GtairaiBa, and Bniiaea— 

Extenij>orary Appliances and Civil Ainliulancc Work — Massage— Surgical Applications 

of Electricity— Joint-Fixation and Fixed Apparatus — The Urine— The Svphon and its 

Uses— Trusses and Artificial Limbs— Plaster-Ca-sting—Paat-Hortem Examination — 

Appendix : Various Useful Hints, Su^'gcKtions, and Hccipcs. 

**Tmobodohlt practical anh TiifsrvroKTiir, well up to dale, cleail, accurats, awd ■cecmcr. The 
ritU liandy. and verr well goi ap."—iMnc*t. 

**Aduuuml\ arrakobo. Tbe Iwat pnM. Ueftl Uttio work we haTcteen. The matter ia aa good as tbe 



WilIi$o!nfo?ra^Mnte W i«aais aowtal Mtf« imani."— JMIIi* MtiM ImmA 

FajUB&adintrabir the eltjseis «Mt wUdi H hss been writtma."— JfeMaf UmnmL 



' Ttas XSCKU.KXT um> woBX. Gisar, eoBslsa^ sad veiy resdabla. Ulfes sMsation to 
dsUUs eftsD omitted, bat Assoum&r meaaasaT to socoaia."— JMauMun. 
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CHARLES GRIFFIN COMI^AJSTS 



Gpiffin's Pocket-Book Sepies* 

By Drs. PORTER and GODWIN. 

FOUHTH EDITION. Revised and Enlnrqcd. Leather, Roundmt £dg9tk wMi 

128 llluatrationa and Fulding-plate. 88. 6d. 

THE SURGEONS POCKET-BOOK. 

JBpccfallv a&aiMcd to tbe ^blfc AeMcal Services. 
Bt Subobov-Majob J. IL PORTER. 
mmriMMD anj> zs qbmat famt mmwmittmm 
Bt Bbioadb-Subobov 0. H. Y. GODWIM, 

LaU Prof—f rf MillUrjr Surgery in th« Armr HedicAl School. 

" Every Medioal Officer is rMoium«ndad to hav« th« ' Surgeon's Pockefe>Book(' by Snimm* 
M*jor Porter, •ooawible to refrMh Ua mcinory and fortify his judgment**— Prfe6 tf Field' 
Stnrice Medical An-an'/FvientA for Afghan War. 

" The present editor— Briyadt- Surgeon Godwin— has introduced »o much that is new and 
practical, that we can recommend this *Sur]^t>n'M l'<>cket-Book' aa an IHTALOABU OOIDI to 
all engaged, or likely to be engaged* in Field Medical Service. "—X>anc<<. 

"A comiikto Md* «M6iiiii to guide the uiUtur wugtaa In Uie IMd.»-MM MMoU 
JotHmaL 



Mwt 8IM9. UaUmr. With HlutitmUw, r2§. $d. 

HYGIENE (A Hand-Book of), . 

BT 

SUEGEON-MAJOR A, M. DAVIES, D.PJLCamb., 

Lot* A»tUUmt'Pn^0$$or qf Hygiene, Army Medical SAoei. 

General Contents.— Air and Ventilation— Water and Water Supply— Food and 
Dieting — ^Removal and Disposal of Sewage— Habitations — Personal Hygiene— SmIs and 
8i(M~CliiB»to and Meteordogy— Oamatioii and FraTantiQii of Diseaau Didnfaetifla. 

"Tliia APMiRABLE HANDiiooK . . . oheB VDiL Informstkn coBMWwed into tbe — aBsrt 
poMlble biilk."-JMMi. Mtd. JoumaL 



POCKET SIZE. LEATHER, SUORTLY. 

SANITARY RULES AND TABLES: 

A Pocket-Book of Data and General Information 

Useful to Medical Men, Medical Officers of Health, Sanitary 
Authorities, Municipal EngineerOr Surveyors, 
and Sanitary Inspectors, 
nr 

W. SANTO GRIIIP, M.IN8T.C.K, F.G.a, 

AND 

CHARLES HAMLET COOPER, A.M.LC.E. 
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WUk JfunuroM IlhutratienB and Flale in Ccloun, 6f. 

I ID "^AT IIF E "2" 

(A/i INTRODUGTION TO THE STUDY OF). 

For the Use of Young Practitioners, Students, and Midwives. 

By ARCHIBALD DONALD, M.A., M.D., C.M.Edin., 

ObMatilo PbysldM to tiu IbaetaMtar Boyal InOriuiy; Um. Snrgtoa to St. Mmt'b HoapUal 

tor WoBom Manobamr. 

Brittth Ofnceeohgiccd Journal— " Highly creditablk to the auChor, and ahoold pmva 
of OBIAT VAt fE to 5li(l\vifBry Students and Junior Practitionera." 

Sh^kid Medical Journal. — "Aaui introductina to the Htudy of Midwifery, mo bbttkr 
MOK oodd be plMMl Itt th« hndi of tlM SlodMit.'* 



In Crown dvo, with lUmiraHoni, 7«. M, 

THE DISEASES OF WOMEN 

(OUTLINES OF). 
A CONCISE HANDBOOK FOR STUDENTS. 

By JOHN PHILLIPS. MA, M.D., FRCP., 

Fltjaici<iD. Britiah Lyioic-ln nofpiul; AiitRt. Ohst. I'hyiician, KIdk " College Boepital; 
Fob. aad Mam. H<I. fur Ezum. of Midwiveit, ( M let. ^oc■il>ty; EnmfaMT la 
Midwifery, Univeraitj of (JU-Kt^^. Ac. 

%* Dr. Phillips' work ii sssemtially pkactical in its nature, and will be found 
inTkloftblo to tilt itadMit and young practitinier. 

** Contains a orbat deal of mOUiATiow in a very oomdbksed form. . . . Tho 
Tahie of the work is increased by tho anmlMr of ikotdi diagnma^ aonna oi wfakdi am BMMJbT 
XVOiHious."— jfiUin. Med. JourtuU. 

*'Dr. PRTLun* Manttal is written in a bvocikot style. He rightly lays strsn on 

Anatomy. The p.wa^^'es on case-takino are excki,lknt. Dr. Phillips is very tru."jtwortliy 
throughout in his views on Tubbapbutics. He 8i]p|>liea an excellent aeries of simple but 
▼ALOABLE PUBOBXRron, attmuBPimAlLi bbquiremknt for students."— .Bn't. Med^JournaL 
"This bxcbllbnt tkxt-book . . . gives just what the etndent reqoirea. . . . 
The prescriptions cannot but be helpfnL**— 'ifeaioU iVesf. 



In 8vo, with lUuatratioM. Cloth, 7*. 6*1 . 

Tlie Minagemeiit of labour ami of the LyiDg-in Period. 

Bt prof. H. G. LANDIS, J1.D., 

.Starling Medical College. 

" Fully accomplishes the object kept in view by its author. . . • Will be found ol 
TALUB hj tiie young pvaetttioner. --^Jbspow MedieiU JottnuU. 
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CHARLES GRIFFIN COMPANY'S 



By Sir WTLLTAM ATTKEN, M.D. Edin., F.KS., 

Lat« Prof«MOr of I'litholcf^y in the Army Mpilieiil School; Kxaniiner in Me.iicine for the MiliUry Medical 
flirvlcea of thp Queen ; Fellow of tlio Sanitary IiiMttiuti' of Ureal Brluin ; « orrcfj* "' 
Member of the Boy al Imperial Society of Pbrsicioas of Vienna, aud ot 



T 01 tue ttoyai imperial SKtciety oi I'nrsiciaa 
ilMSoeMyer ItediaiMMidllattml BIM017 



of 



SEVENTH EDITION. 

THE SGIfiMGE AND PRACTICE OP lEDICDIE. 

In Two Volumes, Royal 8uo, Cloth, 428. 

"The Stanoa&d Tsxt-Book ia the £Qglkh LaoguaKe. . . . There is, perhaps 
ipovk more indkptunU* for tb« Pnetitkmar and Student."— Mfo. Medkal JommaL 



mum OF THE SCIENCE AND PRACTICE OF MEDICINE. 

A TEXT-BOOK FOR STUDENTS. 
Second Edition. Crown dvo, 12s. 6d. 

" StM.K iita pwpndng far wwmlwticwM ^riP hnffl it » perfect gpdiMid for Um 

—Athenaum, 



In Large Crown 8vo. With numerous lUusirations. lOs. Qd. 

kmmim m their administration: 

A PRACTICAL HAND-BOOK FOR MEDICAL AND DENTAL 
PRACTITIONEfiS AND STUDENTS. 

By FREDERIC HEWITT. M.A., M.D., 

Anmithetitt and Jnttrudor in AamMlhtiiet, London Hotpital: CMoro/ormitt and Leciurtr on 
AmmUutiu, Charing Cro$$ UMpital; AnmthttiMt, DtnUd BMfUmtt 
Lutdon; and Satie»al OrtfuipmUe Mospilal, ^ 



" The MOST TRusTwoRTUT book for referanoe on Ihn tnbjaefe with which m an 

acquainted." — Edinburgh Med. Journal. 

'* Should be on xvert medical bookahelf." — Practitioner, 

** May truly ba daacribed as a valuable addition to medioal lit a r a t u re. , . • 

Amolvtely essksti \l to junior prartitinners." — Practitioner. 

*' The BEST TUEATiaK on the subject we have yet read." — Dublin Joum. Med. SettHCt. 
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In Larffe 8vo, Cloth, 12«. Gef. 



PHVSIOIiOGISn" llOTE-BOOK : 

A 8UUM ART OF THE 

Present State of Physiological Science for Students. 

BT 

ALEX HILL, M.A., M.D.. 

llMtar of Dowataf Oollcffs, CuDteMfc^ 



H^itfr Mtmwwm MuttmUoM anil Bfank Aigiw for lf& /tf«fM» 



General Contents. —The Blood — The Vascul&r System — The Nenrea— Muscle- 
Digestion— The Skin— The KidneyH— Respiration — The Senses— Voioe mad Speech- 
Central Nervous System — lieproduotion -Chenuatry of the Body. 



CHIEF F£ATUR£S OF DR. HILL'S HOT£-BOOK. 

1. It helps the Student to CODIFY HIS KNOWLEDGE. 

2. Gives a grasp of BOTH SIDES of an argument. 

3. Is INDISPENSABLE for RAPID RECAPITULATION. 

The Lancft Hnyn of it:— " The worls Which th« Mttator of Downing; Ci>n< K'<' tim.li^M 'y com parcH to » Not*- 
bookia an AiiMiKABLK coMrKM>it M of oar pr«Hpnt information . . w.Il i . i i:i to studonta 

• . . Kive* all MSEXTiAL roism . . . The ttpookaphical AHiiAN<iiiMi;M i» a chief fcaiure of i ho book. 
. . . Secarea at a glance thi- KviuENCB on both Bides of a theory. " 

The MotpUai aaja:— " The PtaTaioloiciBt'a Note-book bean tbe hall-mark of ttae Cambridge School, and 
Is the work of one of (he moat ■oceasafnl of her toaebera. . . . Will be larTaLoaau to atndmttL'* 

n« SrUM MMuA Ummia oaaaaamam la the voloine— •*Ila admirable dtagraina, to nnalQi Mblio* 
fMfkf . to olMr TUUea, and to ooaelsa ataiement of the anatoniieal espaeta of the avhjaet** 



" If ft Stndsnt could rely on rcnu'mbcrin'.: every word which he had ever heard or read, 
Buch A book as this would be unn« c«-.HHary ; but experience teaches that h*- consL'iiitly needs 
to recall the form of an ar^nmient and t<> make sure of the prujier clasBlflcatlon of his facts, 
although he do«a not need a secuud time to follow the author up all the short steps by which 
the ascent was first made. With % view to rendering the book useful for raoid ica^ttilatioii, 
I have cndeavonred to strike out every word which was not essential to oleamoss, and tiraa^ 
without I hope falling into * telegram ^ English, to give the text the form which it may be 
Buppo-iied to take in a well-kept Nott- IxMtk ; at the same time, ttpace han been left for the 
Introduction in HS. of such additional facUt and an^iments a.s i<eem to the reader to bear 
upon the Bubjeet-nuitter. For the Hame reason the drawings are retluced t<) diafframs. 
All details which are not necessary to the comprehension of the j^rinciples of construction of 
the apparatus or organ* as the caee mmj be, are omitted, and it is hoped that the drnwiiigi 
will, tnerefnre, be easy to grawp, remember, and reproduce. 

"As it is intended that the 'Note-book' should be essentially a Student's book, no 
references are given to foreign literature or to recondite pai>ers in English ; but, on the other 
hand, referenoee are given to a number of classical BngUsn menoln, as well as to dascriptiozui 
in t«t4)ooke which epPMur to me to be partienhurlsr lucidt and the 8tiid«Bt is ftroogly 
noonmended to study toe pasHgee and Papers refened to.*— J&B<riact>hn» .^Kfftor'e Fnfmet, 
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Fw.' 



By WILLIAM STIRLING, M.D., Sc.D., 



TMotlft Uuivenltjr, Brackpiiburr ProfeMor of Phfiiolonr and Hlttolagf to Uw 
Hhmtur; and KxKmlner In the UutveniUM of Edioburxn and Londaa; BOd tor 
Fallowablp of t)w KqjaI OoUeii U aiuiwaa, BagiaiML 



THIRD EDITION. In Extra Crown 8uo, with Numerous Illustrations. Cloth. 

PRACTICAL PHYSIOLOGY (Outlines of) : 

A Hanual for the Physiologioal Laboratory, 

nroLVMaio 

CHEMICAL AND EXPERIMENTAL PHYSIOLOeY, WITH REFERENCE TO PRACTICAL MEOICINL 

Part I.-Chemloal Physiology. 
Part II.— Bxpwplmental Physiology. 

V 1% tht Third JEUftiMs nvited and enlarutd, tkt nmmber qf lUmimiem ka» 

been increased. 




Fig. 118. — HoiizonUl Myograph of Frederioq. M, Glan plate, moving on the guides 
/,/; I, Lever; m, MnwU; p, «, e, KleeferadMs T, Cork pUte; a, GoaaterpMw to 
Imr; £, Kcgr in primary curcvit. 

OPINZONS OF THE PRESS. 

" This valuable little manaal. . . . The OBNBRAL OOMCKPTIoif of the book is KXCBLLBNT ; the 
amngemont of the exercises in all that can tf A—irmA « liMwri ptla—af — parfiM— 1« mwm, *»>-»^», 
OONCiftK. and to the foiut."— British Msiieal Joumsi, 

** The Seoond Bditioo bai been thoroughly worked up to date, and • tent nmlMr of weO* 
exeoitted woodeuti added. It may be reeommended to the Mndent M OM 9t the mrt maivdau 
he can posaeis aa a goide and oompankm in bia Pbyaiologtcal Work, and one nat will uieftilly 
•npplement the course giren by a Pbyuological Teacher."— /xmcef. 

" The student is enabled to perform for himself most of the experiment usually shown in 
a syHtemalic course of lectures on physiology, and the practice tljus obtained mu-«t urove ik» 
TAi.CABLK. . . . May be confidently recommended as a Wuide to the student of pbysiolo 
we doubt not. will alfw find iu wnytotpthehandeof —ay Of oof eeientiileMidndieMpi»e>it 
"^Hatffow Medical Journal. 

** An OTiwfdingly eoofenlant Handbodk of EsperlneBtal Phyiiolonr.*'— MhnimAM 
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Oompanlon Voliime \ar Ppol stlpllng» 

SEOOMD EDirm, tnextm(kmn8uo,wtUi899llkt9UmU9i». Oiotk, 129, 6d, 

PRACTICAL HISTOLOGY (Outlmes of): 

A MANUAL FOR STUDENTS. 

*^* Dr. Stirling's " Outlines of Practical Histology ** is a compact 
Handbook for students, providing a Comi'LETe LAaouATORY Coukse, in 
which almost every exercise is accompanied by a drawing. Very many of 
the UlastraUona have been prepared expressly for the work. 




Hg, 200.— L.S., Cervical Gunglion of Dog. c, Capsule ; s. Lymph slnua ; F, Follicle; 
a. Medullary curd ; 6, Lymph paths of the roeaaUs; V, Seottoa of a blood-T«HeI( 
HF, Fibrous part of the bilum* x 10. 



OPINIONS OF THE PRESS. 

"The general plan of the work is aumikablk. , . . It is very evident that the 
Ruggeations giveu are the outcome of a prolonobd sxruiiJiNCK in teachiog l^ractical 
Histology, oombiiMd with a bsmabxablb ^ruDoiuniT in the ideelioB of MnBOiis. 
. . . Iforita the hli^hsit praiM for the iiAUSimAiioin, iHudi ar» at oooe «dasr and 
MaMLr—BrUi$h Medical Jmmui, 

" We can confidently recommend this small but ooiroiaKLT>WRiTTEK and admibablt 
ILLUSTRATED M'ork to students. They will find it to be a VERY usEvri, and heliabls 
ouiDX in the laboratory, or in their own room. All the principal methods of preparing 
timts ibr Motion are given, with iiidi pndM diractfons that little or no difficulty cea 
be fdt in following them in their moot ndnote details. . . . The Tolnme prooeeds 
from a MAsraa in his craft.**— Xoaeel. 

" We have no doubt the OOTUKB.S will meet with moit fimmrable aooflptanoe aaioqg 
worltert in Histology." — OUugow Medical JournaL 
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QHARLBS ORIFFIN it COMPANYS 



WO R K S 

By J. R. AINSWORTH DAVIS, B.A., 



BIOLOGY 

(AN ELEMENTARY TEXT-BOOK OF). 

SECOND EDITION. In Two Parts 

Pakt I. Veostable Morpuolouy ani> PiiYsiouxiY. With Complete Index-Gloasacy 

and 188 nivatcmtioiw. Price Ss. (kl. 
Pabt IL AmiAL MoBPBoi.or.v ANT) Phvsioi.ot.y. With Complfito IndeX'GloeBsxy 

and iOd Illustrations. Price 10a. 6d. 

BACH PART SOLJt SBPAMATMLT. 

NoTB.— The Second Edition hat been thoronj^hljr Reviaed and Bnlaigad, aad 
Indades all the leading selected Types in the Tarions Oi^nic Group*. 

Of the Sboond Editioii, the Britiah Medical Journal says:— "Certainly trb but 'bioloot* 
with which m are sc^nainted, and it owes its pre-eminence to the fact that it is an bxcbllbiit 
attempt to present Riolo^y to tbe Student SS a CORBBUnD and OOKFURB aoWBOB. Tka 
glossarial Index is a most useful addition." 

" Fornishea aouuB andOMiFBBHBBBrrBej^oaitiiNiof the adsjeot in a amnuxio tem."— 
Saturdajf Jteview. 

** Lmllj VAOKBD irith iDfbnnalfaa."— CRovow Medleal JommA 



THE FLOWERING PLANT, 

AS ILlUSTRATINe THE RRST PIIIIICIPIES OF BOTANY. 

Specially adapted for London Matriculation, S. Kensington, and University Local 
Examinations in Botimy. Skcond Edittmn. With numerous Illustrations. 3a, Gd. 

It would be hard to find a Text book winch would better guide tbe student to an accurate 
knowledge of modem discoveries in Botany. . The scikntific accuracy of statement, and 

the oonoue exiKMition of FIKST principi.ks make it valaahlc for (educational purposes. In the diaptor 
on the Pbysiolory of Flowers, an admirable ri.tume '\a given, drawn from Darwb, Hermann llfluar, 
Kemer, and Lnboook, of what is known of the Fertilisation of Ftowon."— n/otirnal <^ th€ Xsnnaan 

*,* Beoommended liy tho Xutional Homt ' lu-.uling rnion ; and bIbo forvM in 
the University Correspondence Classes. 



A ZOOLOGICAL POCKET - BOOK 5 

OP, Synopsis of Animal Classification. 

Comprmng D^nUiona of the Phj/Ja, Classes, and Orders, toiih explanatory 

Ji'f/fiar/cs mvl Tnhlea. 

By Dr. EMIL SELENKA, 

PMfeMor in the UniTenity of Erlsngen. 

Authorised English translation from the Third (lerman Edition. 
In Small Post Svo, Interleaved for the use of Students. Limp Covers, 48. 

** Dr. fleleoka*^ If annal will ho feond niefiil by all Students of Zoology. It ia a oOMrnKHBBRTB 
and sircrRssFOL, attempt to jprasent na with a lehemo of the natnial amngaoMat of the aainBl 

wcrlJ." Kdin. Med. Journal. 

" \vi[] provo very ser\-icoab1e to those whoars attaniKDg Biology LactarM. . . . TIm tnaa. 
latioQ is accorate and clear." — Lancet. 
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WORKS by A. WTNTER BLTTH, M.R.G.S., F.G.S., 

rUw, PnblUAB*)MfcrtlMOkiant7«ri>mB,aad]f«llaUOmwofH«^ 



FOODS: THBIB COMPOSITIOir AHD AHALTSIS. 

mint twfm. phc* le*. 

GKNEKAL CONTENTS. 

Historv of Adalteration — LunsUtion, Past and Present — Apparatns osefal to the 
Food- Analyst — "Aah** — Sugar— Confectionery— Honey— TrMwsle— Jams and Preserved 
Froits— Stare hcs — Wheaten - Flour — Brcafl —Oats— liarley — Rye— Rice - Maize— M illet 
^PoUto—Peaa— Chinese Peas— LenUls— Beans— Mllk— Cream-Butter— Clieese—Te» 
— GoObe— Cooo» and Chocolate^&loohol— Brudy— Rrnn— Whiskv— Gin— Amdt— 
Liiiueurs — Beer— Wine- Vinegar — Lemon and Linio Jnico — Mustard — Popper — Sweet 
ana Bitter Almond— Auuatto- Olive Oil — Water. Appendix: Text of fengliah and 
Amerieaii Adulteration Aeli. 

" Thoroughly practical. . . . Should be in the hands of every medical practitioner."— 
Zaneef. 

** An admirable digest of the most reeent stote ol knowledge. • • . Intscestiiig tvw to 
Ikj feaden.**— <MeMktti JRmh. 

** Stavds vniraLUD for oompletenses of infoniMtioii.*'— «SSsii<farv Beeord. 

*J*TbB THIRD Edition contains many Notable Additions, especially on the subject of 
MDJC «&d iU ralatlOB to F2YBR SnSfiMICS, Um f U&ITT Of WATfiA-ftUPPLY, tte 
KABOABm A0T, *e. fte. 



POISONS : THEIR EFFECTS AND DETECTION. 

mmO EUTIOM. With Tables and Illustration: Prict 2U. 

QKNKllAL CONTKNTS. 

I. — Historical Introduction. II. — Classification — Statistioe — Connection between 
Toxic Action and Chemical Composition— Life Tests — General Method of Procedure— 
The Si>ectroscope -Kxamination of Hl(K>d and Blood Stains. III. -Poisonous Gases. 
IV. — Acids and Alkalies. V.— More or less Volatile Poisonous Substances. VJL— 
Alkaloids and Poisonous Ve^^etable Principles. VII.— Poisons deriyed from Living or 
Deud Animal Sulistanccs, "\ IIL — The Oxalic Acid Group. IX. — Inorgsnio PoisOOB— 
Appendix ; Tri;itnu nt, l)y Antidotes or otherwise, of Cases of Poisouuig. 

*' One of the best and niu.st cumprehen.sive work.-* on the subject.'' - <Va<Mn/(ii/ /{fi itir. 

"A sound nnd I'ractical Manual of 'I'oxirology, which cannot be too warmly recom- 
mended. . . . One of its chief merits is that it discusses substances which have been 
overlooked.**— CII<miea< I/«ib$. 

\*The TmRD BDinoir liMboMi tn great part Bo-wrlttas, Balarged, and 

Corrected. New ANALYTICAL METHODS have been Introduced, and the CADAVERIC 
ALKALOIDS, or PTOMAIMfiS, bodies playing so great a part in food poisoning and in 
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CHARLES GRIFFIN COMFANTS 



By W. ELBORNE, F.L.S. 

/a Extra CrovonSvo, with LUho plate^ aiul Xumeroua lllustratloni, Clotk, St. 6dL 

ELEMENTS OF 

PRACTICAL PHARMACY AND DISPENSING. 

By WILLIAM ELBORNE, B.A.OANTAa, 

Domooatntor of Materia Ibdioa and Teacher of Pharmaor at UniTsreity CoUeM, Laodoq: Phannaolat to 
UalvwMlrOollaftflMmlMt KeaAwof itoPtennaeeailflalSoeieiyorOfwifMtyjit nUmrotilM 
Cheintoal and LfiuMan Sodettw of London : fomerly Aa^tanvLeetsNr In raanDtoy 

and Materia Hediea ut the Owens College, Manoheater 

" A work which we caa veiy highly reoommend to th« peronl of all Students of 
Modidne. . . . Aomxrablt adaptbd to tiieir ntfpSnmmfB.**— Edinburgh MedHeeU 
Journal. 

"Mr. Elborne evidently appreciates the Requirements of Medical Studenti^ and 
there can be no doubt that any one who works through this Course will obfauB aa 
OXCoUent insight into Chemical Pharmacy." — Brituth Medical Journal. 

"Thesvstem . . . which Mr. Elborne here sketches is thoroughly sound.'*— 
Okemkt and Drugffiit, 

formeHy PubthM uwhr the TIth of "PHABMAOY AMO MATEBIA UEDIOA," 



By Drs. DUPRE and hake. 

SECOND EDITION. Crown 8w>. OMh, 7«. 6d. 

INORGANIC CHEMISTRY (A short Manual oO. 

Bt a. DUPR^S, Ph.D., P.R.S., akd WILSON HAKE, 

Ph.D., F.I C, F.C S., or the WeatrntntlerBoapUAl Medical School 

"A well-written, clear, and accurate Elementary Manual of Inorc^inic Chemistry. 
. . . We agree heartily m the system adopted by Drs. Duprc and Hake. Wiu> 

M.AtcB BxraaminriL Wobk tbbblt iMTBUsnxo bboavsk niT«.f.TO!M.i."— Jhrtwrday 



WORKS by Prof. HUHBOLDT SEXTON, F.I.G., F.CS., 

Olasfow and West of Seollaod Teehnloal OoDefeL 



OUTLINES OF QUANTITATIVE ANALYSIS. 

With TUHMrntloiv<. FOURTH EDITION, Crown Sro, Cloth, 3«. 

**A practical work by a practical man . . . will further the attainment of 
Mcufney and m^bod."— Journal of JSdveaUon. 

"An APMTRABLK little volume . . . well fulfils its purpose." — Schoolmaster. 

" A coMi'ACT LAfiORATORV ouiDR for befftnuers was wanted, and the want has been 
WILL8Q7PUID. . . . A good Mid UMfol book."— LcNieeC. 



By tiir same Author. 

OUTLINES OF QUALITATIVE ANALYSIS. 

WWi Illustrations. THIRD EDITION. OVvnm 8vo, Cfo^, Sf. 6d 

" The work of a thoronghly practical chemist . . . and ono which m>j bo 
unhesitatingly recommended. —^rUMA Medical Journal. 

** Compiled with greet ouo, «nd will rapplly a want."— Joiimat i^Xdmeatkm, 
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Thirtekntu Edition. }Vilh Numeroxu IUustrntion», Sn. €d. 

NURSING (A Manual of): 

MEDICAL AND SURGICAL. 

By LAURENCE HUMrUiiY, M.A., M.D., M.ii.C.S., ■ 

OiKERAL Contexts. — The ficneral Manaecment of the Sick Room in Private Houses 
—General Plan of the Honuui Body— -Diseaaee of the Kervoua System— Retpixmtocy 
System -Heart and Blood-Tends— BigestiTe System— Skin and Kidneys^Femns— 
Diseases of Cliildren— Wooads and PyacUtrss M Misgw i i M Hi t of Child-Bea— Sidc>Room 

Cookery, <kc., &c. 

**In the fullest sense Mr. Huniphry's book is a distinct advance on all previous 
Mannslt. ... Its value is greatly enhanced by copious woodcuts and diagrams of 
the bones and internal organs, by many Illustratioiis of tho art of BAmxAOlKO, by 
Temperature charts indicative of the conrae of some of the most dttneteristfa cUmiiML 
and oy a goodly array of Sick-uoom Am.iANrKs with whioh XTWKt N0B8B ahop M 
endeavour to become acquainted." — British Medical Journal. 

** We ahoold adTiae ail nvbsis to possess a copy of the work. We can confident^ 
■eoommeiid it aa an szoblijuit ooms ana eompaaion. — JfoqiAal. 



SkcoND EdITIOK. Ifaiuhouie C'oth, 

FOODS AND DIETARIES: 

HOW AND WHEN TO F££D THE SICK. 
By E. W. BURNET. M.D.. M.RCP^ 

rtt^tirian to the f!rtat Xorthrm Cmtrnl /tfpital, <tr. 

Gbneral Contents. ~1)i ft in Diseases of the Stomach, Intestinal Tract, Laver. 
Lnngs, Heart, Kidneys, ftc; in Diabetes, Scurvy, Anaemia, Scrofnla, Gout, Obesity, 
Bkeumatism, Influenza, Alcoholism, Nervous Disorders. Diathetic Diseases. Diseases of 
Childreni with Sections on Prepared and Prcdigested Foods, aud ou Invalid Cookery. 

"The direotions fdven are uniformly JUDICIOD8. . . . May be oonfldentlytdceiias 
AULIABLE GUIDE in the art of feeding the sick."— Bn'f. Med. Journal. 

"To all who have much to do with Invalids, Dr. Burnet's bo<jk will l)e of preat use. . . . 
Tho Hubiect is TREATED with ADMIRABLE 9ENsK and ji icjmknt by Dr. Burnet. The car ef id 
study of such bookfi aa this wiU veiy much help the Practitioner in the Treatment of cases, 
and posraif dly ^d ttie action of remsdies.*'— Xoiioet. 



Croum 8eo. Etttra. Handaonu Cloth. Price 6c. 

A MEDICAL AND SURGICAL HELP 

FOB SHIPMASTERS AND OFFICERS 
US THE MEBCHANT NAVY. 

INCLTTDINO 

FIRST AID TO THE INJURED. 

BV 

WM. JOHNSON SMITH, F.R.O.S., 

mneipal IMlosl OAeer. 8eaawo% Hoipltsl, OrMBirlch. 

Wtth Co/ound Platu and Mum§rouB IHuatnttont. 
LONDON : EXETER STREET, STRAND. 
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CEARLEiS GRIFFIN <lc COMFANTS 



In Crown 800. WUh JVvnftipMos. Uandtoim Cloth, 6«. 

CON SUM PTION 

(THE HYGIENIC PBBVENTION OJP). 

By J. EDWARD SQUIRE, M.D., D.P.H. Camb., 



GENERAL CONTENTS.— TuK Natukk of CoNsuMmon— Fmvjsntivk Mkasums : 
In Inikncy, Childhood, School Life, Adult Life ; ExeroiM, Clothing, INflt ; the Houm- 

hold. Choice of Occupation, Ilesidence — Statb Hygikne— Manaokmknt of EaBLT 
Consumption :— Question of Curability, CUniatic Conditions, Travelling, &c. 

*'We can aafelj Mj that Dr. Squibb's work will bipat stodt ^tsq bj the xaott colli vatad 
plijrfoiiii. . . . vtnx 09 laaTBoonvB wuraM,*—The Lmeet.} 



Third Edrioit. Swued. WUh additional lUwirutiont, Price 99. 

PRACTICAL SANITATION : 

A HANDBOOK FOR SANITARY INSPECTORS A HID OTHERS 
INTBRESIED IN SANITATION. 

By GEORGE KEID, M.D., D.P.H., 

FaUov of tlw Saaitarjr Institute of Great firit«iD, and Medicai Officer, ^Uffordahir* Goantf OooaeO. 

ax appemux ox sax/takv law 
Bt HERBERT MAl^LEY, M.A., M.|B., D.P.H., 

MadlMl Ofloar «r Haalth for tlia (kratir Bara«^ ol WmI Bnianridk 



GEMXRAIi OONTSNT& 

Introduction Water Supply: Drinking Water, Pollution of Water — Ventilation and 
Warming— Principles of Sewage Remov^— Details of Drainage; Kefnae Removal aod 
Disposal— Sanitaiy and Insanitary Work and Appliances— Details of Plnmbers* Work — 

House Construction — Infection imd Disinfection — l\totl, InsjKJction of; Characteristics 
of Good Meat; Meat, Milk, Fish, &c., uuht for Human Food— Appendix; Sanitary Law; 
Model Bye^Laws, fte. 

"A vi:hv < -lEn l Handbook, with n m ry um Tul ApiKniiix. We rr-""™'*"^ tl aofc MlV to 8*>II4n 
IllBrKTUKii, 6ul lu AU. latentled la Saait*rjr luatlera."— .i^atiMary iUcord. 
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Second Edition. JIandsome Cloth. With FtwUitpiecty 4«. 

A MANUAL OF AMBULANCE. 

By J. SCOTT RIDDELL, CM., M.B., M.A, 

AMIKOT-SCEOIO.f, ABIRDIK.<< EOTAL I5FIE1IAET: UCTCHRB ANO IXAXt.HBK TO TBI ABKHIUBX AMMnMCS 

amociatioh: KXAMiaBK TO run n. arbmw's ambcuiscb AamiAnoit, olammw, abo 
tn IC MU AMMLAlia AMOOU*IOI« UMOB. 

With MynumM IlliutmHoif ond Full Pag* PkOn, 

Oeneral Cont«Iltl. — Outlines of Human Anatomy and Phy«iol<»gy — The Trianjfular Bandage 
and itH I'no.s The Roller Bandage and its L'?«eH- Fractures— Dislocations and Spraina-* 
Hcemorrhage — Wounds — Insensibility and Fits— Asjjliyxia and Drowning — Suffocation- 
Poisoning— Burns, Frost-bite, and Sunstroke— Removal of Foreitfn Bodies from (a) The Eye; 
Of) The £«r; (c)The Nom; (d) The Thniafe: (e) Ths TimM^-ikinbalanoe Traasport and 
BtrafedMr Drffl— Hi* After trMtment of AmbulMiM FMlmte— Oi^uuntion and Management 
«r Ambolance ClaHM— Appendix : Ezambntioii FlHMn oa Fitst Aid. 

"A OAniAL BOOK. . . . The difectloiM are mom and cuai, and testify to the hand of an 
able mieon."— JBiiN. Mtd. JoumaL 



"Should be in the hands of KVKliV SIOTUKR AND NlR-SE. ^TA^* Xur»f (B<j«ton). 

SiooND Edition. Jn Large Crown Bvo. Handsome Cloth. Price bs. 

THE WIFE AND MOTHER: 

A ladkd GiM« to the Cm of leilth and the lungement ef ChUdna. 

Br ALBERT WESTLAND. MJL, M.D.. CM. 

Oeofona Ooatntl.— Pakt L Eariy Married Life. Parv II. Ekrij MoClmAood. 
Pabt IIL Hm Child, in HeiOth and Sickness. Pabt IV. Later Manied Life. 

" WELL ARUANOKI), and rt.KARI-Y WKrTTKS."— L«n«f, 

" Will he ISKKL L to a new l\ i|HMlit>( d man, commenoingfeneial pratlk-e. -Dritith Medical Journal. 
A RKALLT KxcKM.K>T II >mk . Ths siitbor hss handled the sabj ect oooaoienttoaaiy ami with 

perfect good tuio."— Aberdeen Journal. 

" Bxoaunr axd jvnioioin.'*— ir«tc«m DaOy Frm. 

"The best book I can reoonunend Is 'Tub Wife and Motbbb,' hy Dr. Aliikrt WK.sTLANb, published 

aMeaan. Charles OrllBn A V.n. It is a most talcable work, written wiUi discrvtion and refinement."— 
mtkamdHtmt. 



WUk lUuthiOwM. Crown 8«o exira. Handwm* Cloth, Zo, 

INFANCY and INFANT-REARING: 

AN INTRODUCTORY MANUAL. 

BY 

JOHN BENJ. HELLIEB, M.D.Lom, M.R.C.S., Eng., 

imeBt ot mmm abd oiiLaaBB, ToaBsanB ooumr, uise: BXAatBBB la nut ticiobia 
P Bi f BiM tf . HAsenaRsa: iuae. «e raa aeip. bob wohbb abb okiibbbb, ubbb. 
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Twelfth Annual Issue> 

Por a COMPLETE RECORD of the PAPERS read before tha 
MEDICAL SOCIETIES throoghoat the United Kingdom duing 

each Year, vide 

THE OFFICIAL YEAR-BOOK 

OT TRX 

SCIENTIFIC AND LEARNED SOCIETIES 

OF GREAT BRITAIN AND IRELAND. 

Price 7s. 6d. 

COMPILED FROM OFFICIAL SOURCES. 

Comprising {togeOier with other 0/ficial Information) LISTS of the PAPEllS 
read during 1894 befare the KOYAL SOCIETIES of LONDON and 
EDINBUmU, the ROYAL DUBLIN SOCIETY, the BRITISH 
ASSOCIATION, mid aU the LEADING SOCIETIES tknuffhout th§ 
Kingdcm tngaged m thefiMowing I>9partmentt i^ReaearA : — 



§1. Science Generally: Societies occiipy- 
ixig tiMmaelves with mwtnl BranciiM of 
Sdcnoe, or with Sefenoe and lilnatan 

jointly. 

§ 2. Mathematics and IMiysics. 

is. Chemistry and Pliutographv. 
4. Geology, (ieognphy, and Mineraloffy. 
6, Biology, indMteg MtewMopy An* 
thropology. 



6t Economic Science and Statistics. 

7. Mechanioal Sdenoe and Arahitoofeui, 

8. Naval and MiHtHTSdnioab 

9. Agricultnra and Hortiadtank 

_ 10. Law. 

1 11. Literature and '. 

1 12. Psychology. 
§ 13. ArchMlogy. 
§ 14. Msoicunt. 



"The Year-Book of Societies is a Record which onj^ht to be of tho ^'^reatest nge for the 
woptaa of adence."— Xord Plau/air, F.B.S., K.C.Ii., M.P., Pasi - FraUUiU 9f the 

"It goea almost without saying' that a Tlandbook of this subject will be in tlBM 
of the moBt generally iiHefiil workn l"t>r tlu- library or the degk." — The Times. 



"The Year-Book of Societies meets an obvious want, and promiaes to be a valuable 
iPOrk of reference."— theiKrum, 

" The YKAJt-BooK op SciKKTino and Liabsid SoomiBa maete a wanfti and iithcnfort 
sore of a welcome." — Wettminster Jievieto. 

" As A Book w BxmMKOM, wi mate mm woxmv vs « aui rri mm » . **— Zanaet 

** BaBUrkably fiill and accurate." .Br i7/«A Medical Journal. 

** An exceedingly well drawn up volume, compiled with great accuracv, and imdispbkbabub 
to any one who may wiah to k««p himself afanaat of the adcDllfie won of tha day.**— JRfin. 

Medical Journal. 

Copies of the First Issue, giving an account of the History, Organisa- 
tion, and Conditiouii of Membership of the various Societies [with Appendix 
on the Leadinff Scientific Societies throughout the world], ud forming the 
groundwork of tiie Series, may still be had, prioe Ts. 6d. AUo Cofim th$ 
foUowmg Imtet. 

The YBAB-BOOK OF SOCIETIES forma a complete index to the SCIlTIllo 
WOEK of^lCe^ear in the various Departments. It is used as a ready 
Handbook in all our great Scientific Cen'tres, Museums, and Libraries 
throughout the Kingdom, and will, witliout doubt, become an INDI8PEN8A.BLB 
BOOK OF REFERENCE to every one engaged iu iSciemitic Work. 
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THIS BOOK IS DUE ON THE LAST DATE 
STAMPED BELOW 



ANO^ll^l. |*In!S7)F 25 CENTS 

W I LlI^^kfl|R^nEpFOrt< FAILURE TO RETURN 
THI s i po Uc <>N THTlSXtfe DUE. THE PENALTY 
WILL INCREASE TO SO CENTS ON THE FOURTH 
DAY AND TO S1.00 ON THE SEVENTH DAY 
OVERDUE. 
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